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^ , ABSTRACT 

2 ■ The largest known structure in the high redshift universe is mapped by at least 

■ 18 quasars and spans ~ 5° x 2.5° on the sky, with a quasar spatial overdensity of 

6-10 times above the mean. This large quasar group provides an extraordinary 



laboratory ~ 100 x 200 x 200/i~^ comoving Mpc^ in size (go = 0.5, A = 0, 
Ho = lOO/i km s~^ Mpc~^) covering 1.20 < z < 1.39 in redshift. One approach 
to establish how large quasar groups relate to mass (galaxy) enhancements is to 
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probe their gas content and distribution via background quasars. We performed a 
survey for Mg II absorption systems in a ~ 2.5° x 2.5° subfield in the large quasar 
group, and found 38 absorbers to a rest equivalent width limit of Wq = 0.3 A over 
0.69 < z < 2.02. Only 24 absorbers were expected, thus we find a 2(t overdensity 
over all redshifts in our survey. We have found the large quasar group to be 
associated with 11 Mg II absorption systems at 1.2 < z < 1.4; 0.02%-2.05% of 
simulations with random Mg II redshifts match or exceed this number in that 
redshift interval, depending on the normalization method used. The minimal 
spanning tree test also supports the existence of a structure of Mg II absorbers 
coincident with the large quasar group, and additionally indicates a foreground 
structure populated by Mg II absorbers and quasars at z ~ 0.8. Finally, we find 
a tendency for Mg II absorbers over all redshifts in our survey to correlate with 
field quasars (i.e. quasars both inside and outside of the large quasar group) 
at a projected scale length on the sky of 9h^^ Mpc and a velocity difference 
lA^I = 3000 to 4500 km s^^. While the correlation is on a scale consistent with 
observed galaxy- AGN distributions, the nonzero velocity offset could be due to 
the "periphery effect" , in which quasars tend to populate the outskirts of clusters 
of galaxies and metal absorption systems, or to peculiar velocity effects. 

Subject headings: cosmology: observations - galaxies: quasars: absorption lines 
- galaxies: intergalactic medium 

1. Introduction 

Evidence is mounting for the existence of super large scale structure on the scale of 
several tens of Mpc. At low redshift {v ^ 40, 000 km s"-*^), galaxy surveys reveal structures 
exceeding ~ 50h~^ Mpc in size (e.g. Gcllcr ct al. 1997; Doroshkevich et al. 2000, and 
references therein), and there are indications for deviations from homogeneity out to scales 
of 160 h^^ Mpc (Best 2000). Structures of comparable size have been noted in simulations 
of cosmological evolution, e.g. patterns of wall-like structure elements with diameter ~ 30 — 
50h^^ Mpc which surround low density regions with typical largest extension ~ 50 — 70/i^^ 
Mpc (Demianski & Doroshkevich 2000). Such super large scale structure may be understood 
in the context of the Zel'dovich nonlinear theory of gravitational instability (Doroshkevich et 
al. 1999, and references therein). Large-box simulations can reproduce the main properties 
of the observed large scale matter distribution, including structures having a clumpy wall- 
like morphology, and which incorporate ~ 50% of matter with an overdensity of ~ 5 — 10 
above the mean. Super large scale structure thus should provide a potentially efficient way 
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to study large numbers of galaxies in a similar environment, their distribution and how they 
relate to phenomena such as quasars. 

The most stringent constraints on models which predict the existence of very large 
scale structures should be provided by measuring their properties at early times in their 
evolution and thus at the highest possible redshifts. However, at redshifts higher than a few 
tenths, which is the regime accessible from large galaxy surveys, probing the observational 
characteristics of super large scale structure becomes a challenge. One way to observe super 
large scale structure beyond the distances offered by large galaxy surveys is to use brighter 
test objects, viz. quasars, which are much more easily detected than galaxies aX z > 1. 
An additional advantage for tracing large structures offered by quasars is their intrinsic low 
volume density compared to galaxies, so that a small number of them can be used to delineate 
structures over regions where the expected number is on the order unity (tens of Mpc) . The 
low intrinsic space density and large luminosities of quasars have already been exploited to 
this end: structures outlined by them spanning from tens to hundreds of Mpc have been 
discovered at 2; > 1. These large quasar groups (e.g. Webster 1982; Crampton, Cowley, & 
Hartwick 1987, 1989; Clowes & Campusano 1991; Graham, Clowes, & Campusano 1995; 
Clowes, Campusano, & Graham 1999; Clowes 2001, ~ 20 are known to date) may represent 
high redshift precursors of large wall-like structures (e.g. Romberg & Lukash 1994). Large 
quasar groups are not only ideal laboratories for studying the physical characteristics of large 
density perturbations in the universe, but also for the inter-relation between the quasars, 
galaxies and gas contained within. One difficulty is that quasars themselves trace the highest 
overdensity mass perturbations, and thus are expected to be the most highly biased tracers 
of mass and to cluster the most strongly, cf. Silk & Weinberg (1991). Therefore, quasars 
in large quasar groups do not by themselves reveal much about the distribution of more 
common, lower mass objects in the same region. However, if the mass bias as a function of 
redshift for the quasars in large quasar groups could be determined, then they would provide 
an efficient means to map out the large scale distribution of matter at high redshift. 

The relative overdensity of various forms of matter (galaxies, gas) in large quasar groups 
(or in super large scale structure) is not well determined. From simulations, Doroshkevich et 
al. (1999) found that from the present epoch to 2; ~ 1, the fraction of matter accumulated 
by the largest wall-hke structures for a given density drops by a factor of ~ 2 and becomes 
negligible by 2; = 3. They suggested that detailed statistical descriptions of quasar absorbers 
are required to probe the characteristics of super large scale structures at such epochs. The 
advantage of quasar absorbers is that they trace much lower mass overdensities than quasars 
themselves, and thus offer a much more detailed picture of the overall mass distribution. 

We have used Mg II absorbers for just such a study, as a high redshift pencil-beam 
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complement to low redshift galaxy surveys. Quasar metal absorbers delineate large structures 
up to 100 Mpc (Quashnock et al. 1996; Quashnock & Stein 1999). Mg II absorbers 
with rest equivalent width Wq, Mg//2796 > 0.3 A have been strongly linked to galaxies out 
to z ~ 1.2 (e.g. Steidel et al. 1997; Guillemin & Bergeron 1997), and thus provide a gas 
cross-section selected galaxy sample, highlighting the cosmic web of filaments and sheets 
which appear to constitute large scale structure (e.g. Cen & Simcoe 1997). 

An optimal region to use for a quasar-Mg II overdensity comparison is the largest struc- 
ture known at z > 1. It consists of a large quasar group of at least 18 and possibly 23 quasars 
at 1.20 < ^ < 1.39 toward ESO/SERC field 927 (Clowes & Campusano 1991; Clowes, Cam- 
pusano, & Graham 1995, 1999; Newman et al. 1998), which spans ~ 5° x 2.5° on the sky, 
and has a bright quasar space density in the region ~6-10 times greater than average. It is 
ideal for study due to its large size and relative proximity, thus allowing the observation of 
z ~ 1.3 associated galaxies over a range of luminosities. Prom deep optical/IR images in a 
subfield of the large quasar group, there is evidence of a galaxy cluster merger and a general 
excess of red galaxies around the z ^ 1.23 quasar J104656-I-0541 to a surrounding radius of 
0.25°, which are probably associated with the large quasar group (Haines 2001; Haines et 
al. 2001). We have taken spectra of 23 quasars within and behind the large quasar group, 
to make a survey for Mg II absorbers in the region. In the following sections, we describe the 
spectra, sample selection, statistical tests to detect overdensities and structures around the 
large quasar group as defined by the Mg II absorbers and our interpretations of the results. 



2. Observations 

We obtained spectra for 23 quasars (1.23 < zq < 2.68) in a 2.5° x 2.5° field toward 
the Clowes & Campusano large quasar group with the CTI0-4m Blanco telescope and RC 
spectrograph (grating 181, Loral Skxlk CCD, 1.99 A/pixel, ~ 6.7 A resolution). Obser- 
vations were on the nights of 1997 March 30, April 1 and 1999 March 30, 31. The useful 
wavelength coverage was 4600-9250 A (0.64 < z < 2.30 for Mgll AA2796, 2804). Conditions 
were photometric with 1.1-1.8 arcsec seeing. There were between one and seven exposures 
per object, with total exposure times ranging from 900 to 10696 seconds. 

The basic spectral reductions were performed with IRAF, and the spectra were summed 
using inverse variance weighting with cosmic ray rejection routines in IDL, provided by R. 
Hill of the Space Telescope Imaging Spectrograph group at NASA Goddard Space Fhght 
Center. A lo" error array was propagated throughout the reductions for each spectrum, 
and confirmed with measurements of the variation about the mean in selected parts of the 
spectra. The wavelengths were corrected to vacuum heliocentric values. Quasar positions. 



- 5 - 



redshifts (based on the lowest ionization lines available in the spectra), and photometry 
(Keable 1987; Clowes & Campusano 1994; Clowes, Campusano, & Graham 1999) are 
given in Table 1. 

3. Selection of samples 

For statistical analysis, we selected two samples of Mg II absorbers based on the rest 
equivalent width of the A2796 A line. In addition, we chose a sample of quasars from 
our work and the literature, to test for correlations between Mg II absorbers and quasars. 
Finally, we note the existence of other metal transitions, possible damped Lyct systems and 
the properties of a peculiar quasar in our sample. 

3.1. Selection of Mg II sample 

To make a sample of Mg II absorption systems, we first created a continuum for each 
summed spectrum with standard IRAF packages. Next, regions of contiguous pixels were 
selected for each spectrum in which the flux was below the continuum. The equivalent width 
and corresponding error for each region were calculated to create a list of features at > S.Oo" 
significance. We provide wavelengths of all features at > S.Oo" significance for reference to 
future higher resolution studies, to verify the existence of any metals identified in future 
based on higher resolution spectra or additional data from the Lja forest. 

In addition, for the sole purpose of identifying components of Mg II doublets and other 
metal lines associated with them, a secondary line list of features at > 2.5a significance was 
created. The wavelengths of the absorption features were examined for pairs consistent with 
the Mg II AA2796, 2803 doublet ratio, with the requirement that the stronger A2796 line be 
significant at > Scr. 

The spectral resolution of 6.7 A is sufficient to resolve the Mg II doublet, but not to 
resolve blended complexes. Therefore, as a check, each of the authors examined each spec- 
trum by eye, using velocity plots of the Mg II AA2796, 2803, to confirm the reality of each 
Mg II system. As a further quality control measure for the doublet wavelength ratio con- 
straint, a majority (75%) vote of the authors was required to deem a Mg II system as real. 
We find a total initial sample of 41 "real" Mg II systems (plus five candidates and one less 
likely one classified as "doubtful"), with the least significant "real" Mg II system possessing 
c''A2796 = 3.36, (TA2803 = 2.66 (4.30" summed in quadrature). Plots of each quasar spectrum 
are in Fig. 1. We have indicated zones in which line profiles may be blended with telluric 
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absorption, determined by 1) normalizing each quasar spectrum, taking a median of the 
ensemble of normalized individual quasar spectra and searching for features common to all 
spectra, and 2) visually inspecting each spectrum to look for regions of absorption which are 
common to most or all objects. Expanded plots of the Mg II doublets in velocity space are 
in Fig. 2. A list of features significant at > S.Oct, plus a small number of identified Mg II 
components and other metals at < 5a significance associated with Mg II absorbers, is in 
Table 2. 

To compare our Mg II absorber sample with one from the literature, wc define "strong" 
and "weak" samples with rest equivalent width thresholds of 0.6 and 0.3 A, respectively, for 
the Mg II A2796 line (Steidel & Sargent 1992, note that the "weak" sample contains strong 
systems as well). Furthermore, we restrict our analysis to regions of the spectrum which 
have sufficient signal to noise (s/n) ratio for each sample such that we should be able to 
detect a 0.3 (0.6) A rest equivalent width Mg II A2796 line at 3a significance, which requires 
s/n > 18(9) per 2 A pixel at 5600 A. Wc also cxchidc the one absorber which lies at a velocity 
separation Av < 5000 km s~^ from its background quasar, as it may be an associated Mg II 
system, rather than intervening. It was also ensured that any pairs of Mg II absorbers along 
the same line of sight with velocity separation Av < 5000 km s^^ would only be counted as 
one system, since there is evidence for clustering on that scale (Steidel & Sargent ). 

3.2. Selection of quasar comparison sample 

For comparison with the distribution of Mg II absorbers, we constructed a sample 
of quasars from Veron-Cetty & Veron (2001) and Keable (1987), Clowes & Campusano 
(1994) and Clowes, Campusano, & Graham (1999), within a 2.5° radius of RA=10:45:00.0, 
dec=+05:35:00 (J2000). There are 107 quasars at 0.6 < ^ < 2.2, with another 23 at 
2.2 < z < 3.3. They were found via a variety of selection methods, so we use them as fixed 
reference locations for known mass concentrations in the region. A map of the quasars in 
the large quasar group and Mg II absorbers in the redshift range 1.20 < z < 1.39 is in Fig. 3. 

3.3. Other metals and candidate damped systems 

We searched for other metal absorption lines by cross-correlating a list of metal transition 
wavelengths with the redshifts of identified Mg II systems, and found a number of Fe II lines, 
as well as Mg I, Al II, Al III and Mn II. Rao & Turnshek (2000) found that approximately 
50% of the absorption systems with Wo(MgII A2796) > 0.5 A and Wo(FeII A2600) > 0.5 A 
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have damped absorption lines meet the classical definition used in high-redshift surveys, 
with H I column densities of Nm > 2 x 10^° cm~^. We have 11 absorption systems with 
Vro(MgIIA2796) > 0.5 A and Vro(FeII A2600) > 0.5 A in our sample (Table 3), three of 
which are within the large quasar group. We note that damped Lya systems themselves 
often appear to indicate low mass systems (e.g. Fynbo, M0ller, & Warren 1999; Warren 
et al. 2001, and references therein), and thus as a class may trace more typical objects in 
the universe than brighter, more massive ones as quasars and Lyman break galaxies (e.g. 
Pettini et al. 2001), though at z > 2 the difference may be less clear (M0ller et al. 2002). 
Nevertheless, damped Lya systems with separations of a few Mpc may trace of large mass 
concentrations at z = 2.4 (Francis et al. 2000) and could prove to be similarly useful at 
z ~ 1.2. 



3.4. The peculiar quasar J104642+0531 

Among the objects in our sample of quasar spectra, J104642+0531 {z — 2.681) is quite 
puzzling. It is a peculiar background object found serendipitously during a survey in the 
large quasar group field (Clowes, Campusano, & Graham 1999). There appears to be no 
C IV emission, but there is extremely broad Lya emission (~ 10^ km s~^). Clowes et al. 
found evidence for an associated absorption system aX z = 2.654, but no O VI or other 
emission blueward of Lya. The unusual emission structure merits further study. 

4. Tests for large scale structure 

We use three methods to test for the presence of a non-random distribution of Mg II 
systems. First, we calculate the redshift distribution dN/dz, which will reveal whether 
there are any redshift intervals with anomalously high or low counts of absorbers. Second, 
we cross-correlate the quasars and Mg II systems in the field. Third, we use the minimal 
spanning tree test to determine whether Mg II systems form any connected structures. 

4.1. Redshift distribution 

To calculate the significance of any deviations of the observed Mg II absorber redshift 
distribution, we created control data samples which, except for clustering, accurately refiect 
the statistical characteristics of our data. The specific, irregular arrangement of detection 
windows in redshift space and lines of sight could create a subtle pattern of aliasing to appear 
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like correlations on certain scales, comparable to the separation between lines of sight and the 
extent that each spectrum probes along the line of sight. To overcome these difficulties, we 
produced control samples free of correlations between absorbers. The technique is analogous 
to one used in a similar study of C IV absorbers at ^ ~ 2.4 (Williger et al. 1996), where a 
complete description can be found. 

We used results from Steidel & Sargent (1992), who performed a Mg II survey toward 
103 quasars scattered throughout the sky to parametrize the redshift distribution dN/dz = 
Nq{1 + z)^ where 7 = 1.12, 1.17 for weak, strong systems, l''l^(A2796) > 0.3,0.6 A, and the 
normalization is (dN/dz) = 0.97,0.52 at (zabs) = 1-12, 1.17 respectively. If we integrate over 
the redshift range of each of our lines of sight to which we are sensitive to 11/o(A2796) = 



where the integral runs through each of the lines of sight i from ziow to Zhigh, we find a total 
observed number of absorbers over 0.7 < z < 2.0 which is overdense at the ~ 2.3 — 2.4(7 level 
compared to the Steidel & Sargent statistics for both the weak and strong samples (Table 4) . 

We used the same parametrization to create 10000 randomized data samples, by asso- 
ciating a particular sightline and redshift with a point in the normalized cumulative redshift 
density function based on the actual lines of sight and redshift limits. The expected number 
of Mg II systems is based on a Steidel & Sargent's sample of 111 weak systems (Az — 114.2) 
and 67 strong ones [Az — 129.0). In comparison, our surveys represent roughly one third of 
the absorbers in about one fifth of the redshift space. The overdensity in absorber number 
for our sample could be due entirely either to (a) an overdensity at all redshifts (cosmic 
variance) or (b) the presence of one or more localized significant over densities. We consider 
each case. 

To account for cosmic variance, the number of Mg II absorbers in each random sample 
was drawn from a Poissonian distribution with a mean equal to the number of absorbers 
actually observed. For the strong survey, we find no significant deviation from a random 
distribution (perhaps due to the small sample size). However, for the weak survey, we 
find an overabundance of Mg II systems at 1.2 < 2; < 1.4, which is coincident with the 
Clowes & Campusano large quasar group: we find 11 absorbers, and expect 5.5 ± 2.2. The 
Mg II redshift distribution, our selection function and (for reference) the quasar redshift 
distribution are shown in Fig. 4a. If we assume a Gaussian distribution for the simulated 
number of absorbers at 1.2 < z < 1.4, this would be a significance of 2.5(T. If we measure 
the probability directly from the number of simulations, 1.78% of any of the 90000 total 
redshift bins (9 bins x 10000 simulations) produced an overdensity at the 2.5a level; 2.05% 



0.3,0.6 A, 




(1) 
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had 11 or more absorbers in the 1.2 < z < 1.4 bin. The large quasar group occupies the 
same redshift interval, which implies that the Mg II and quasar overdensities are related; in 
fact, despite the various selection methods used for the quasars, the ratio between quasars 
and Mg II absorbers remains constant (within Poissonian errors of l.lcr) over 0.8 < z < 2.0. 

If there is an anomalous concentration of absorbers at a particular redshift, which could 
be the case if Mg II systems are associated with the large quasar group, then the expected 
number of Mg II systems in the same redshift range as the large quasar group would be 
overestimated by the above procedure, and the significance thus underestimated. If we draw 
10000 random samples from a Poissonian number distribution with a mean of 24 (which 
is the expected number from the weak sample given our redshift coverage and the Steidel 
& Sargent redshift number density), then we would expect 3.4 ± 1.8 Mg II absorbers at 
1.2 < 2; < 1.4, resulting in a 4.3(7 overdensity in that redshift bin (Fig. 4b). Only 0.02% of 
the simulations produced 11 absorbers in that bin, and 0.01% produced more; only 0.06% 
of any of the 90000 bins in any simulation had a significance of 4.3(7 or higher. 

A conservative estimate for the significance of the overdensity at 1.2 < 2; < 1.4 is 
therefore 2.5(7, though it could be as high as 4.3(7 depending on how we normalize our 
control sample. 

4.2. Quasar-Mg II correlations 

To test for quasar- Mg II correlations in three dimensions, we calculated the three di- 
mensional two point correlation function between the 107 quasars at 0.6 < z < 2.2 in our 
sample and all of the Mg II absorbers over all redshifts in our survey. We used 10000 control 
samples with randomized Mg II absorber redshifts similar to those described in the previous 
section. We found no significant signal for either the strong or weak survey at any scale. 

We then tested for correlations in the plane of the sky. Although no such three dimen- 
sional large scale correlation has been noted in the literature, there is a precedent for an 
association between quasars and C IV absorbers at a ■projected distance of ~ 10 Mpc (M0ller 
1995; private communication). We cross-correlated the same quasars with the strong and 
weak Mg II samples, but only along different lines of sight (which avoids effects from asso- 
ciated absorption) for a series of projected separations on the sky covering 5 — 50/;,^^ Mpc 
in the local frame. Again, we used 10000 control samples with randomized Mg II redshifts, 
drawing a number from a Poisson distribution with a mean equal to the number of observed 
absorbers, to determine the mean and standard deviation expected in each bin. As the num- 
ber of quasar- Mg II pairs varied for each simulated data set, we normalized the total number 
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of pairs for each simulation to that actually observed. There is no significant signal for the 
strong sample, but for the weak sample we find a signal which peaks at 9h~^ proper (rest 
frame) Mpc projected separation (35 arcmin at z = 1.2) at the 3.5a significance level (8 pairs 
observed, 2.4 ± 1.6 expected). The overdensity occurs at a velocity difference Av = —4500 
to —3000 km s~^. The negative sign indicates that a quasar is at a lower redshift than its 
paired Mg II absorber (Fig. 5; Table 5). We expect the peak to be at Av ~ if the quasar 
redshifts are accurate, and if quasars and Mg II systems trace mass in a similar way. Only 
0.23% of the simulations produced as many as 8 pairs in the Av — —4500 to —3000 km s~^ 
velocity bin, with 0.26% of any bins among all of the Monte Carlo simulations producing an 
equal or greater overdensity of > 3.5(7. There is no significant preference for strong or weak 
systems to be associated with the correlation. Most of the signal (i.e. 5 of 8 pairs) comes 
from quasars and Mg II absorbers in the large quasar group. Possible physical explanations 
for the overdensity will be discussed in §5. 

It is possible, but unlikely, that the quasar-Mg II absorber pair velocity difference is 
produced by a systematic quasar offset between quasar rest frame UV and optical lines. Our 
quasar redshifts were taken either from the Veron-Cetty & Veron (2001) catalogue, measured 
from our own ~ 10 A confirmation spectra (Clowes & Campusano 1994; Clowes, Campusano, 
& Graham 1999) or, in the case of 22 of the quasars (all except J 104545+0523), from the 
data presented here. There is no systematic offset between the our two sets of measurements, 
independent of whether Mg II, C IV, Si IV or C III] emission lines were used. Five of the 
eight quasar-Mg II pairs at —4500 < Av < —3000 km s~^ have quasar redshifts determined 
from Mg II emission lines. The other three are from higher ionization C IV or C III] emission 
lines. Mcintosh et al. (1999) and Scott et al. (2000, and references therein) find that quasar 
Mg II emission provides redshifts within ~ 400 km s^^ of [O III] 5007 (the systemic redshift 
fiducial), with a correlation between velocity differences and quasar luminosity. However, 
the observed peak in the distribution of quasar-Mg II absorber pairs is at At' ~ 10 times 
larger than would be expected from an offset between Mg II (rest frame UV) and the fiducial 
[O III] 5007 (rest frame optical) emission. IR spectroscopy of the quasars which produce the 
quasar-Mg II pair overdensity can confirm or rule out this rather unlikely explanation. 

The luminosities of the quasars involved in the correlation are not unusual. The 8 
quasars in the overdensity of pairs with Av — —4500 to —3000 km s~^ have mean absolute 
magnitude (Mabs) — — 25.8±1.0, calculated with code kindly provided by M. Veron-Cetty for 
the purposes of using a uniform definition of Mabs- Our sample of quasars at 0.6 < z < 2.2 
has (Mabs) — — 25.7± 1.0, whereas 16892 quasars in the Veron-Cetty & Veron catalogue at 
the same z range have (Mabs) = —25.4 ± 2.4. Our quasar sample is not significantly more 
luminous than a very large but admittedly inhomogeneous sample, so it is doubtful that a 
luminosity effect contributes to part of the systematic velocity difference we observe between 
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the quasars and Mg II absorbers. Indeed, the correlation may simply be a fluke due to small 
number statistics, and should be confirmed with a larger data sample. 

4.3. Minimal spanning tree 

The minimal spanning tree (MST) is a heuristic algorithm which can delineate and 
characterize structure within a data set. We have applied the technique of Graham, Clowes, 
& Campusano (1995) to search for clusters of Mg II absorbers in both the strong and weak 
samples. An identified cluster is assigned a statistical significance by determining how fre- 
quently structures of equivalent multiplicity^ and with a more clustered morphology occur in 
10000 simulations of the data. A simulated absorber position is assigned the right ascension 
and declination of a randomly selected real absorber to maintain any selection effects in the 
plane of the sky. Its redshift is determined according to one of three prescriptions: (1) drawn 
from the observed redshift distribution binned in bins of width = 0.2, 0.4; (2) drawn from 
the Steidel & Sargent (1992) redshift distribution; and (3) as (2) but with the total number 
count normalized to the observed number count. For (1), the bins were selected either to 
match the large quasar group width or to double it, to smooth out Poisson fluctuations on 
scales of half a bin width or smaller. For (2) and (3), cosmic variance is also taken into 
account as previously described. No significant structures are found in the strong survey, 
but a cluster of 10 absorbers is found in the weak survey at redshift 2; ~ 1.3. The significance 
level for the z ~ 1.3 structure from prescription (1) is P = 0.005 (0.002) for iS.z = 0.2 (0.4); 
for prescriptions (2) and (3), P = 0.04, 0.01 respectively. 

Foreground structure at z ^ 0.8. At lower redshift, the MST test shows a group of 7 
absorbers at 0.77 < z < 0.89 with probability to reject that the decision to reject the null 
hypothesis (that the absorbers are intrinsically unclustered) is wrong of P ~ 0.005 — 0.02. 
The exact value of P depends on which of the three prescriptions in the preceding paragraph 
was used to create the control samples. P is largely independent of the choice of redshift bin 
width for the controls {Az — 0.1, 0.2, 0.4). It appears that at least one of the absorbers is very 
close (within 1 arcmin) to a galaxy cluster a,t z ^ 0.8 (Haines 2001). There is also a structure 
of 14 quasars at z ^ 0.8, which is consistent with a random distribution with probability 
Pconfig = 0.066 for the observed multiplicity, as determined from a MST analysis of the 
Chile-UK Quasar Survey (CUQS, Newman 1999). The probability is again independent 
of control redshift bin widths. The number of quasars from our sample (Newman 1999) is 



^Multiplicity is a term used in spatial pattern statistics to denote the number of objects making up a 
cluster. 
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lower at 2; < 1, with the probabihty of any structure arising at 2; < 1 of Pz<i — 0.14 — 0.19. 
Thus, the probabihty of seeing the observed structure at 2; ~ 0.8 is PconfigPz<i ~ 0.01. The 
coincidence of the Mg II absorber group, the quasar group and its size, and the proximity of 
a cluster of red galaxies support the notion of a foreground structure. 

5. Discussion 

The coincidence of the Mgll absorber candidate overabundance with the large quasar 
group implies that the large quasar group is accompanied by a corresponding increase in 
galaxy density, possibly similar to those found associated with multiple C IV systems at 
^ ~ 2 by Aragon-Salamanca ct al. (1994). The MST result provides an independent test 
which supports the existence of a structure of Mg II absorbers within the large quasar group. 
The quasar-Mg II correlation may reflect a characteristic size of filaments. 

5.1. Mg II absorber overdensity 

It may be that Mg II absorbers within the large quasar group could be associated with 
nearby enhanced ionizing sources such as undetected quasars or AGN. In that case, the halos 
of the galaxies responsible for the Mg II absorption could possess smaller detectable gas cross 
sections than in the field, the "galaxy proximity effect" (Pascarelle et al. 2001), which would 
cause us to underestimate the significance of the Mg II absorber (galaxy) number density 
in the region. Any mass estimates for the region would also have to take into account that 
numerical simulations and semi-analytic models show that galaxies should be more highly 
biased tracers of the mass at higher redshift. If so, then the overdensity of matter in galaxies 
which produce the Mg II absorption could be closer to the overdensity of matter in super large 
scale structure of 5 — 10 above the mean predicted by Doroshkevich et al. (1999). Estimates 
of the matter associated with Mg II absorber overdensities could be redshift-dependent: in 
CDM models, as the amplitude of galaxy clustering remains roughly fixed, the dark matter 
structure grows with time. Large quasar groups and the galaxies they contain could provide 
the means to test for such a trend: direct imaging of the Mg II absorbers in the large quasar 
group should reveal whether there is a tendency for them to occur in areas of higher than 
average galaxy density, and velocity dispersions of any associated galaxy clusters/groups 
should constrain the amount of matter in the vicinity. High resolution imaging of Mg II 
absorbers in the large quasar group could also reveal whether quasars behind the large 
quasar group arc being Icnscd by galaxies within the large quasar group, which would make 
it more likely to observe bright background quasars in the region and find foreground Mg II. 
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Though rare, large structures at 2; ~ 1 have clearly been noted in simulations. Evrard 
et al. (2001, Hubble volume simulations) find a large cluster aX z = 1.04 in a ACDM 
model which has a mass twice that of Coma, a line-of-sight velocity dispersion of Af = 1900 
km s~^ and an equivalent X-ray temperature of 17 keV. It is larger than any known cluster. 
Although unusual, it might be representative of parts of super large scale structure at 2; ~ 1. 
X-ray observations of our large quasar group field, for example around the merging galaxy 
clusters imaged in the optical and near IR by Haines et al. (2001), would provide the most 
direct confirmation for such large density perturbations. If baryonic gas evolution can be 
linked to the dark matter halos in simulations such as that of the Virgo Consortium (which 
is admittedly difficult, as Mg II arises in galaxies), it could be possible to make mock pencil- 
beam surveys through the simulated data, and thus make a direct comparison between the 
observed and predicted size and frequency of large quasar groups and the distribution of 
galaxies/Mg II absorbers within them. However, it would be more feasible to study Hubble 
volume simulations of Lya absorbers (which do not necessarily arise in galaxies), and to 
compare their distribution to the presence of very large structures. In that case, a comparison 
with observations would require HST spectroscopy for our target field. 

A possible non-gravitational origin of such large structures as large quasar groups could 
be the destruction of H2 or the ionization of He, both of which can be affected over one 
to several tens Mpc by luminous quasars or other effects of "cooperative galaxy formation" 
(Miralda-Escude et al. 2000; Ferrara 1998; Bower et al. 1993; Kang & Shapiro 1992; 
Babul & White 1992). However, enhanced photoionization has been proposed to impede 
galaxy formation, at least for low mass halos, by heating the intergalactic medium, inhibiting 
the collapse of gas into dark halos and reducing the radiative cooling of gas within halos, 
though galaxies in deep potential wells (brighter than L*) appear unaffected (Benson et al. 
2001). Large scale perturbations approaching large quasar group size can produce bias on 
similar size scales, effectively reducing the galaxy formation efficiency in surrounding lower 
density regions, and thus enhancing the contrast of very large scale structure (Demianski & 
Doroshkevich 1999). The effect of inhomogeneous photoionization on structure formation 
clearly deserves further investigation. 



5.2. Quasar— Mg II absorber correlation 

The quasar-Mg II absorber correlation may reflect the size of LSS filaments, and is close 
to the 7 Mpc size of filaments associated with low z Lya forest clouds from simulations of 
structure evolution (Petitjean, Miicket, & Kates 1995). The angular scale where the peak 
number of pairs is observed (corresponding to 35 arcmin at 2; ~ 1.2) is consistent with the 
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correlations of up to 1° between —24 < Mb < — 19 AGN and early- type galaxies detected 
by Brown et al. (2001). We note that five of the eight quasar-Mg II system pairs occur 
within the large quasar group (1.24 < z < 1.35). The five large quasar group quasar-Mg II 
absorber pairs as an ensemble produce most of the significance in the distribution of pairs 
as a function of velocity (an overdensity at the ~ 2cr level), and form a pair and a triplet of 
quasars of scale l-10/i~^ Mpc, a size on the order of that expected for filamentary structure. 
The peak at —4500 < Av < —3000 km should be confirmed with IR spectroscopy of 
the quasars in question, to rule out the unlikely possibility that the large velocity difference 
arises from high vs. low ionization line emission regions. Otherwise, the quasars and Mgll 
systems could trace different parts of the same filamentary substructure within the large 
quasar group. Such a geometry may result as a consequence of the "periphery effect" , in 
which quasars tend to populate the peripheries of galaxy clusters and metal absorption line 
groups (Jakobsen & Ferryman 1992; Sanchez & Gonzalez-Serrano 1999; Tanaka ct al. 2000; 
Haines et al. 2001; Sochting, Clowes, & Campusano 2002). In a particularly analogous 
situation to the large quasar group in this study, Tanaka et al. (2001) detect clustering of 
faint red galaxies {I > 21, R — I > 1.2) over a scale extending to 10 Mpc around a tight 
group of five radio-quiet quasars at 2; ~ 1.1, which are embedded in the Grampton, Gowley, 
& Hartwick (1987, 1989) large quasar group of 23 quasars. Haines et al. (2001) report 
a similar phenomenon around the z ~ 1.23 quasar J104656-I-0541 within the large quasar 
group studied here, albeit in a smaller observed field. 

If the periphery effect is the cause of our observed quasar-Mg II correlation at non-zero 
velocity difference, then we should in principle detect a signal at both positive and negative 
Av (according to our definition). However, we only see a negative velocity peak, in which the 
largest fraction of the signal arises from a set of quasars at z = 1.236, 1.273, 1.316 separated 
by 36.9 X 34.3 x 52.2 arcmin and 4900, 5600 km s^^ in front of a trio of Mg II absorbers 
separated by 5100, 5700 km s~^ toward two sightlines 29.8 arcmin apart. If the correlation 
is real, in larger data samples we would expect to find cases of quasars both in front of 
and behind groups of Mg II absorbers. Alternatively, such a quasar-Mg II correlation which 
arises for projected distances on the sky, but not in three dimensions, could arise as an 
effect of pecuhar velocities along the fine of sight, and may be related to the "bull's-eye 
effect" (Praton, Melott, & McKee 1997; Melott et al. 1998), in which peculiar velocities 
in collapsing structures tend to make structures more significant in redshift space than in 
real space. The number of quasar-Mg II pairs in the large quasar group is not sufficient to 
produce a significant signal on its own, however, and the correlation should be confirmed 
with a larger sample. 

If the quasar-Mg II projected correlation is found to be real, it could be a useful tool to 
probe the extent and evolution of the overdensities giving rise to quasars themselves. It is 
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possible that quasar clustering declines toward low redshift, as quasar activity moves from 
the most massive galaxies into lower mass systems that are less highly biased. We expect 
to continue to find more members of the large quasar group toward ESO/SERC field 927, 
which will provide better statistics with which to study the relationship between various 
matter overdensities in the form of quasars, Mg II systems and galaxies. 

We thank Romccl Dave, Andrei Doroshkevich, Gus Evrard, Dick Hunstead, Pallc M0llcr, 
Martin Rccs, Steve Warren, David Weinberg and Simon White for useful discussions and 
comments on a draft of this paper, Robert Hill for data reduction software and Alvaro 
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Fig.l: (a-f) Spectra in the quasar sample. The la error is shown by the sohd hne close 
to the bottom of each plot. The dashed and dotted lines show the wavelengths used for the 
strong and weak Mg II surveys, respectively. Regions deemed affected by telluric absorption 
are shaded. Absorption lines are indicated by ticks above the spectrum at > 5o" (solid) and 
2.5 < 0" < 5 (dashed) significance; in the telluric bands, only identified extragalactic features 
are ticked. However, all absorption features are listed in Table 2. 
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Fig.2: (a-d) Plots of the Mg II doublets in velocity space. Normalized fluxes are shown. 
The A 2803 component is shown offset by -0.2 in flux for clarity. The la error array is 
indicated by the dot-dashed line. The background quasar is listed to the bottom left of each 
plot, the Mg II absorption redshift is at the bottom center, and four letters indicating the 
strength of the line (s=strong, w=wcak, v=vcry weak), whether the absorber is in the strong 
and weak surveys (y/n) and the reality of the system (r=real, c=candidate, d=doubtful), as 
listed in Table 3. Only "real" systems which are in the strong or weak surveys are used in 
the analysis for this work. 
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Fig. 3. — Map of the quasars (stars) and Mg II absorbers (circles), at 1.20 < z < 1.39 
toward the Clowes & Campusano large quasar group. Stars indicate positions of QSOs in 
the redshift range 1.20 < z < 1.39. Circles indicate the positions of quasars with z > 1.39 
with Mg II absorption at 1.20 < z < 1.39. Double circles indicate two Mg II systems toward 
a line of sight. Redshifts for the quasars (stars) and Mg II absorbers (circles) are listed 
adjacent to each symbol. The field center is at RA=10:45:00.0, dec=+05:35:00 (J2000). 
About half of the structure is shown. 
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Fig.4: (a) Redshift distribution of the weak Mg II absorber sample, compared to simu- 
lations of the number observed . Filled circles: observed, with errors assuming a Poissonian 
distribution. Dashed line: mean expected number per bin from 10000 Monte Carlo simu- 
lations, drawn from samples with mean totals equal to the number observed (38). Shaded 
regions: 68, 95, 99% scatter about the expected mean. The ovcrdcnsity at 1.2 < z < 1.4, 
which coincides with the large quasar group, was matched or exceeded in 2.05% of the sim- 
ulations. Open boxes (slightly offset in z for clarity): known quasars in the field, with errors 
assuming a Poissonian distribution. 

(b) Redshift distribution of the weak Mg II absorber sample, compared to simulations of the 
number expected. Filled circles: observed, with errors assuming a Poissonian distribution. 
Dashed line: mean expected number per bin from 10000 Monte Carlo simulations, drawn 
from samples with mean totals equal to the number expected (24). Shaded regions: 68, 95, 
99% scatter about the expected mean. The ovcrdcnsity at 1.2 < 2; < 1.4 was matched or 
exceeded in 0.02% of the simulations. Open boxes (slightly offset in z for clarity): known 
quasars in the field, with errors assuming a Poissonian distribution. 
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Fig. 5. — Velocity distribution of quasar-Mg II pairs at 9h~^ Mpc projected separation. Only 
pairs along different lines of sight are counted. Negative velocity differences correspond to 
tfie quasar being at lower redshift than the Mg II absorber. Dashed line: mean expected 
number from 10000 Monte Carlo simulations; Shaded regions, darkest to lightest: 68%, 95%, 
99% limits for the scatter about the expected mean; Filled circles: observed data, with 
error bars drawn assuming a Poissonian distribution as an illustration. The errors are not 
exactly Poissonian, as any individual quasar or Mg II system could contribute to more than 
one pair. However, as 9h~^ Mpc corresponds to 35 arcmin ai z = 1.2, there are relatively 
few pairs sharing quasars or Mg II absorbers, so the Poissonian approximation should give 
a reasonable error estimate. Note the overdensity at —4500 < Av < —3000 km s~^, which 
has a random probabihty of occurrence of P = 0.002. 
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Table 1. Target list / Observing log 
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,7 


06:24:36 


1 


.508 


17. 


,27 


17. 


,88 


18, 


.00 


17, 


.60 


17. 


,26 


r 


1500 


J104642+0531 


10:46:42. 


,9 


05:31:06 


2 


.681 


19. 


,58 


19. 


,18 


18, 


.85 


18, 


.23 


17. 


,52 


r 


3600 


J104656+0541 


10:46:56. 


,7 


05:41:49 


1 


.233 


17. 


,56 


18. 


,28 


18. 


.14 


17, 


.88 


17. 


39 




1500 


J104733+0524 


10:47:33. 


.2 


05:24:55 


1 


.334 


16. 


.84 


17. 


.87 














r 


1500 


J104747+0456 


10:47:47. 


.1 


04:56:37 


2 


.121 


18. 


.54 


19. 


.21 


19. 


.24 


18, 


.98 


18. 


,08 


r 


3600 


J104752+0618 


10:47:52. 


.7 


06:18:28 


1 


.316 


18. 


.28 


19. 


.12 


19 


.16 


18, 


.56 


18. 


,18 


2d 


4800 


J104840+0535 


10:48:40. 


,1 


05:35:50 


1 


.972 


17. 


,69 


18. 


,66 


18, 


.68 


18, 


.49 


17. 


,89 


3^ 


5100 


J104914+0414 


10:49:14. 


,3 


04:14:27 


1 


.613 


18. 


,61 


19. 


,07 


19, 


.04 


18, 


.79 


18. 


,25 


2d 


5500 


J104929+0544 


10:49:29. 


,1 


05:44:53 


1 


.802 


18. 


,77 


19. 


,07 


18, 


.97 


18, 


.57 


18. 


,02 


r 


3000 


J105010+0432 


10:50:10. 


.1 


04:32:48 


1, 


.217 


17. 


,71 


18. 


,42 


18. 


.33 


18, 


.01 


17. 


66 




2400 



^number of exposures 
''total exposure time 

'^observed during run 1 (1997 March 30 - April 1) 
"^observed during run 1 and run 2 (1999 March 23-24) 



Table 2. Absorption line list for quasars 



Central wavelength AA" 
A (A, vacuum) 


Equivalent AW signii* 
width W (A) 


identification 
/ comments'^''' 





J103937+0531 



5569, 


.69 


0, 


.87 


1, 


.543 


0, 


.232 


6, 


,651 






5583, 


.63 


0, 


.51 


2, 


.014 


0, 


.221 


9, 


.113 






5681, 


.09 


1, 


.17 


1, 


.709 


0, 


.249 


6, 


.863 






5997, 


.72 


1, 


.03 


0, 


.733 


0, 


.218 


3, 


.362 


Mg 


II 2796 z = 1.1448 


6012 


.73 


0, 


,87 





.471 


0, 


.177 


2, 


,661 


Mg 


II 2803 z = 1.1448 


6295, 


.94 


0, 


.71 


1, 


.112 


0, 


.228 


4, 


.877 


Mg 


II 2796 z = 1.2515? 


6314, 


.80 


1, 


.27 


0, 


.455 


0, 


.167 


2, 


.725 


Mg 


II 2803 z = 1.2515? 


6358, 


.44 


0, 


,51 


0, 


.879 


0, 


.155 


5, 


,671 






6874, 


.77 


0, 


,26 


4, 


.527 


0, 


.189 


23, 


,952 






6893, 


.81 


0, 


.41 


2, 


.074 


0, 


.165 


12, 


.570 






6907, 


.73 


0, 


.42 


1, 


.717 


0, 


.155 


11, 


.077 






6933, 


.59 


1, 


,08 


1, 


.261 


0, 


.197 


6, 


,401 






7173, 


.06 


0, 


.80 


1, 


.520 


0, 


.212 


7, 


.170 






7187, 


.23 


0, 


.44 


1, 


.570 


0, 


.171 


9, 


.181 






7197, 


.53 


0, 


.40 


1, 


.372 


0, 


.158 


8, 


.684 


-^e 




7207, 


.79 


0, 


,61 


1, 


.148 


0, 


.174 


6, 


,598 






7234, 


.03 


1, 


.03 


1, 


.401 


0, 


.227 


6, 


.172 


•^e 




7252, 


.61 


0, 


.56 


2, 


.257 


0, 


.219 


10, 


.306 


•^e 




7265, 


.42 


0, 


,42 


1, 


.350 


0, 


.163 


8, 


,282 


'^e 




7281, 


.63 


0, 


.48 


1, 


.196 


0, 


.166 


7, 


,205 






7291, 


.23 


0, 


.77 


1, 


.023 


0, 


.196 


5, 


.219 


•^e 




7350, 


.18 


0. 


.68 


0, 


.963 


0, 


.190 


5, 


.068 






7607, 


.40 


0, 


,22 


17, 


.027 


0, 


.405 


42, 


,042 


-^e 




7626, 


.89 


0, 


.16 


5, 


.146 


0, 


.233 


22, 


.086 






7645, 


.18 


0. 


.36 


12, 


.443 


0, 


.435 


28, 


.605 


-^e 




7923, 


.77 


0, 


.60 


3, 


.340 


0, 


.347 


9, 


.625 


Mg 
(bl; 


II 2796 z = 1.8323? 
2803 cpt very weak) 


7971, 


.77 


0, 


,49 


1, 


.906 


0, 


.272 


7, 


.007 






8000, 


.41 


0, 


,57 


2, 


.582 


0, 


.322 


8, 


.019 


Mg 
(bl; 


II 2796 z = 1.8623? 
2803 cpt very weak) 


8163, 


.49 


1, 


,07 


2 


.886 


0, 


.446 


6, 


,471 






8232, 


.15 


0, 


,80 


1, 


.710 


0, 


.337 


5, 


.074 






8318, 


.53 


1. 


.34 


1, 


.297 


0, 


.335 


3, 


.872 


Mg 


II 2796 z = 1.9748 
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Table 2 — Continued 



Central wavelength 




Equivalent 


AW 


signii* 


identification 


A (A, vacuum) 




width W (A) 






/ comments'^''' 


8339.77 


0.64 


1.114 


0.248 


4.492 


Mg II 2803 z = 1.9748 


8357.90 


0.92 


2.007 


0.356 


5.638 




8407.43 


0.65 


1.850 


0.296 


6.250 




8423.14 


0.60 


1.415 


0.247 


5.729 




8440.43 


0.79 


1.878 


0.288 


6.521 




8471.81 


0.74 


1.373 


0.253 


5.427 




8767.05 


0.75 


3.976 


0.516 


7.705 




J103952+0633 


5840.62 


0.60 


0.553 


0.143 


3.867 


Fe II 2600 z = 1.2459 


5873.53 


1.30 


1.185 


0.223 


5.314 




6280.34 


0.81 


0.739 


0.173 


4.272 


Mg II 2796 z = 1.2459 


6296.15 


0.48 


1.522 


0.181 


8.409 


Mg II 2803 0= 1.2459 (bl) 


6306.73 


0.37 


2.333 


0.252 


9.258 




6529.33 


1.30 


0.792 


0.198 


4.000 


Mg II 2796 0= 1.3353 


6547.39 


0.97 


0.726 


0.174 


4.172 


Mg II 2803 .2 = 1.3353 


6567.63 


1.08 


1.209 


0.205 


5.898 




6873.75 


0.45 


2.475 


0.214 


11.565 




7253.49 


1.12 


1.773 


0.288 


6.156 




7607.59 


0.22 


15.994 


0.390 


41.010 


'^e 


7631.31 


0.21 


8.257 


0.299 


27.615 


-^e 


7650.74 


0.42 


8.467 


0.389 


21.766 




8374.97 


0.61 


1.626 


0.285 


5.705 




J104007+0531 


4662.20 


0.60 


0.975 


0.254 


3.839 


Mg I 2026 z = 1.3015? 


4672.59 


0.65 


1.997 


0.324 


6.164 




4683.31 


0.85 


1.885 


0.348 


5.417 




4894.71 


0.60 


1.912 


0.332 


5.759 




4910.54 


0.36 


7.504 


0.428 


17.533 




4926.65 


0.27 


6.961 


0.366 


19.019 




4942.36 


0.65 


5.242 


0.452 


11.597 




5005.92 


0.85 


10.295 


0.608 


16.933 




5042.72 


1.01 


2.400 


0.383 


6.266 
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Table 2 — Continued 



Central wavelength AA° Equivalent AW signii* identification 
A (A, vacuum) width W (A) /comments'^''^ 



5076.51 


0.51 


1.792 


0.267 


6.712 






5091.45 


1.03 


4.521 


0.447 


10.114 






5199.92 


0.47 


5.376 


0.275 


19.549 






5985.62 


1.64 


0.679 


0.242 


2.806 


Fe II 2600 z = 


1.3015? 


6025.13 


0.52 


2.492 


0.249 


10.008 


Fe II 2344 z = 


1.5706 


6125.02 


0.29 


3.566 


0.227 


15.709 


Fe II 2383 z = 


1.5706 


6279.74 


0.80 


1.002 


0.199 


5.035 






6436.51 


0.49 


1.302 


0.157 


8.293 


Mg II 2796 z = 


= 1.3015 


6452.25 


0.38 


0.980 


0.128 


7.656 


Mg II 2803 z = 


= 1.3015 


oo4o.oy 


U.OO 




u.iyy 


iU. / tjy 


re 11 ZOO 1 Z — 


1.0 /UD 


6669.82 


0.49 


1.992 


0.213 


9.352 






6683.70 


0.34 


3.355 


0.220 


15.250 


Fe II 2600 z = 


1.5706 


6874.18 


0.34 


3.403 


0.222 


15.329 


^® 




6894.76 


0.84 


2.118 


0.258 


8.209 


^® 




7185.86 


0.33 


8.898 


0.296 


30.061 


Mg II 2796 z = 


= 1.5706 (bl) 


7206.79 


0.27 


7.317 


0.260 


28.142 


Mg II 2803 z = 


= 1.5706 Ae 


7239.46 


1.14 


1.541 


0.305 


5.052 


•^e 




7607.35 


0.16 


16.446 


0.271 


60.686 






7642.49 


0.29 


18.384 


0.358 


51.352 


-^e 




7682.27 


0.78 


2.952 


0.286 


10.322 






8231.52 


0.71 


2.153 


0.266 


8.094 


•^e 




8990.29 


0.74 


2.965 


0.381 


7.782 


•^e 




9006.93 


0.80 


2.159 


0.376 


5.742 


-^e 




9086.04 


0.89 


1.573 


0.304 


5.174 


-^e 




9178.15 


0.44 


1.199 


0.232 


5.168 


-^e 




J104117+0610 


4941.03 


0.28 


0.791 


0.126 


6.278 






6874.27 


0.29 


5.115 


0.186 


27.500 


•^e 




6892.20 


0.26 


2.392 


0.133 


17.985 






6907.82 


0.36 


2.859 


0.162 


17.648 






6923.93 


0.39 


1.062 


0.120 


8.850 






6934.03 


0.43 


0.933 


0.116 


8.043 






6942.85 


0.36 


0.835 


0.105 


7.952 






6954.61 


0.61 


1.515 


0.160 


9.469 







Table 2 — Continued 



Central wavelength AA° Equivalent AW signif*' identification 



A (A, vcLCuum) 




width W (A) 






/comments'^'^ 


6997.40 


0.69 


1.521 


0.165 


9.218 




7022.00 


0.68 


0.936 


0.138 


6.783 




7174.44 


0.54 


1.485 


0.155 


9.581 




7189.29 


0.35 


1.811 


0.138 


13.123 




7204.02 


0.51 


1.834 


0.163 


11.252 


'^e 


7237.41 


0.67 


0.705 


0.137 


5.146 


^® 


7278.62 


0.68 


1.151 


0.169 


6.811 


^® 


7292.02 


0.72 


0.820 


0.146 


5.616 


•^e 


7308.47 


0.83 


0.874 


0.157 


5.567 




/ ODD.OZ 


u.yi 


U.oUo 


u.ioy 


o.UoU 




7607.47 


0.10 


16.496 


0.188 


87.745 


•^e 


7640.97 


0.22 


16.928 


0.260 


65.108 




7673.15 


0.40 


1.109 


0.129 


8.597 


^® 


7683.59 


0.57 


0.810 


0.133 


6.090 




8152.73 


0.88 


1.473 


0.224 


6.576 


^® 


8167.96 


0.74 


1.225 


0.196 


6.250 


^® 


8182.55 


0.66 


1.162 


0.190 


6.116 


^® 


8233.64 


0.43 


2.685 


0.222 


12.095 




8295.65 


0.48 


1.358 


0.226 


6.009 


'^e 


8324.75 


1.17 


1.392 


0.257 


5.416 




8992.45 


0.37 


1.456 


0.235 


6.196 


^® 


9157.19 


0.86 


2.007 


0.333 


6.027 




J104155+0612 


4617.26 


0.92 


0.864 


0.196 


4.408 


Fe II 2383 z = 0.9376 (bl) 


5262.48 


0.69 


1.756 


0.174 


10.092 


Mg II 2796 z = 0.8829 (bl) 


5279.90 


0.54 


1.946 


0.165 


11.794 


Mg II 2803 z = 0.8829 


5417.93 


0.46 


1.384 


0.138 


10.029 


Mg II 2796 z = 0.9376 


5432.21 


0.71 


1.222 


0.151 


8.093 


Mg II 2803 z = 0.9376 


5531.16 


0.66 


0.804 


0.131 


6.137 


Mg I 2852 z = 0.9376 (bl) 


5561.91 


0.89 


0.671 


0.130 


5.162 




5887.21 


0.85 


0.958 


0.141 


6.794 




5906.31 


0.69 


0.540 


0.107 


5.047 




6327.06 


0.62 


0.849 


0.115 


7.383 


Mg II 2796 0= 1.2628 


6342.97 


0.88 


0.725 


0.123 


5.894 


Mg II 2803 z= 1.2628 
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Table 2 — Continued 



Central wavelength AA" Equivalent AW signif*" identification 
A (A, vacuum) width W (A) /comments'^''^ 



6559.49 


0.88 


0.742 


0.126 


5.889 


Mg II 2796 z = 1.3460 


6576.77 


0.98 


0.559 


0.118 


4.737 


Mg II 2803 z = 1.3460 


6875.11 


0.24 


3.649 


0.138 


26.442 




6896.83 


0.98 


1.504 


0.159 


9.459 




7607.47 


0.20 


15.239 


0.292 


52.188 


^® 


7642.19 


0.35 


17.754 


0.374 


47.471 


^® 


7800.37 


0.76 


0.972 


0.184 


5.283 




8164.86 


0.95 


1.709 


0.257 


6.650 




8200.24 


1.16 


1.478 


0.271 


5.454 




8230.23 


0.63 


2.309 


0.253 


9.126 


Ae 


8770.24 


0.49 


1.960 


0.279 


7.025 




8891.98 


1.12 


2.581 


0.417 


6.189 




8991.11 


0.72 


3.068 


0.385 


7.969 


^® 


9014.77 


1.56 


2.473 


0.477 


5.184 


^® 


J104213+0628 


4636.78 


0.35 


3.847 


0.259 


14.853 




4648.04 


0.45 


3.781 


0.245 


15.433 




4669.49 


0.74 


0.833 


0.153 


5.444 




4729.72 


0.86 


2.936 


0.292 


10.055 


Fell 1608 z= 1.9433 (bl) 


4917.36 


0.52 


2.589 


0.232 


11.159 


Al II 1670 z = 1.9433 


5086.27 


0.79 


0.971 


0.165 


5.885 




5134.07 


0.33 


0.823 


0.119 


6.916 




5320.27 


1.15 


0.644 


0.160 


4.025 


Si II 1808 z = 1.9433? 












S I 1803 z = 1.9433? 


5455.91 


0.87 


0.630 


0.159 


3.962 


Al III 1855 z= 1.9433? 


5536.95 


0.31 


1.020 


0.137 


7.445 




5581.36 


0.39 


1.037 


0.174 


5.960 




6564.21 


0.24 


0.641 


0.089 


7.202 




6873.74 


0.38 


3.087 


0.185 


16.686 




6897.79 


0.32 


5.329 


0.211 


25.256 


Fell 2344 z = 1.9433 A® 


6987.87 


0.33 


1.868 


0.152 


12.289 


Fe II 2374 z = 1.9433 


7011.50 


0.25 


5.304 


0.194 


27.340 


Mg II 2796 z = 1.5072, 












Fe II 2383 z = 1.9433 (bl) 


7028.62 


0.70 


0.836 


0.146 


5.726 


Mg II 2803 z = 1.5072 



-36- 



Table 2 — Continued 



Central wavelength 




Equivalent 




signif*" 




identification 


A (A, vacuum) 




width W (A) 








/ comments"''^ 


7195.83 


0.66 


0.763 


0.146 


5.226 


A© 




7606.77 


0.18 


16.070 


0.291 


55.223 


A® 




7629.57 


0.19 


7.815 


0.233 


33.541 


^® 




7653.95 


0.37 


11.034 


0.334 


33.036 


Fell 2600 z = 1.9433 A® 


8230.49 


0.23 


8.122 


0.319 


25.461 


Mg 


II 2796 z = 1.9433 A© 


8251.27 


0.33 


7.438 


0.351 


21.191 


Mg 


II 2803 z = 1.9433 A® 


8280.89 


0.89 


2.044 


0.315 


6.489 






8323.14 


1.23 


1.900 


0.338 


5.621 






8355.79 


0.66 


1.578 


0.258 


6.116 






8394.65 


0.70 


1.347 


0.234 


5.756 


Mg 


I 2852 z = 1.9433 


8630.36 


1.47 


1.988 


0.390 


5.097 






8667.91 


0.92 


2.198 


0.352 


6.244 






9108.49 


0.62 


1.721 


0.309 


5.570 


^® 




J104213+0619 


4668.71 


0.70 


1.524 


0.265 


5.751 






4787.50 


0.78 


0.747 


0.144 


5.188 






4798.76 


0.73 


0.742 


0.135 


5.496 






4818.97 


0.81 


1.745 


0.244 


7.152 






4866.27 


0.83 


1.189 


0.131 


9.076 






4916.56 


1.15 


0.906 


0.140 


6.471 






6282.88 


0.97 


1.143 


0.148 


7.723 






6874.80 


0.26 


3.085 


0.152 


20.296 


^® 




6893.95 


0.54 


1.939 


0.166 


11.681 






6907.41 


0.50 


0.815 


0.118 


6.907 






6918.80 


0.75 


0.696 


0.129 


5.395 






7198.82 


0.90 


2.474 


0.194 


12.753 






7236.26 


0.79 


0.747 


0.146 


5.116 


•^e 




7607.89 


0.20 


15.031 


0.279 


53.875 


^® 




7642.38 


0.35 


15.899 


0.348 


45.687 


^® 




7723.50 


1.08 


1.199 


0.225 


5.329 






8233.02 


0.83 


2.116 


0.307 


6.893 


^® 




8890.62 


0.98 


2.328 


0.398 


5.849 






8967.70 


0.65 


1.587 


0.299 


5.308 


^® 




9058.41 


0.79 


1.684 


0.330 


5.103 
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Table 2 — Continued 



Central wavelength 




Equivalent 




signii* 


identification 


A (A, vacuum) 




width W (A) 






/ comments"''^ 


9105.85 


0.99 


2.711 


0.422 


6.424 


A© 


J104323+0422 


4667.44 


0.56 


3.837 


0.311 


12.338 


Fe II 2383 z = 0.9585?, 

CI 1657 z = 1.8151?, 

CIV 1548/1550 z = 2.0121? (bl) 


4705.27 


0.38 


4.293 


0.286 


15.010 


Al II 1671 z = 1.8151 


5033.88 


0.49 


2.271 


0.239 


9.502 


Al II 1671 z = 2.0121? (bl) 


5092.36 


1.17 


0.565 


0.191 


2.958 


Fe II 2600 z = 0.9585 


5222.99 


0.55 


1.954 


0.209 


9.349 


Al III 1855 z = 1.8151 


5243.75 


1.22 


1.134 


0.240 


4.725 


Al III 1863 z = 1.8151; 
Ni II 1742 z = 2.0121? (bl) 


5477.48 


0.76 


1.454 


0.214 


6.794 


Mg II 2796 z = 0.9585 


5490.31 


0.59 


0.963 


0.164 


5.872 


Mg II 2803 z = 0.9585 


5606.34 


0.70 


1.384 


0.209 


6.622 




6363.71 


0.82 


0.699 


0.165 


4.236 


Fe II 2261 z = 1.8151 


6419.84 


1.30 


1.084 


0.204 


5.314 




6600.02 


0.27 


3.835 


0.198 


19.369 


Fe II 2344 z = 1.8151 


6685.02 


0.44 


3.038 


0.211 


14.398 


Fe II 2374 z = 1.8151 


6708.32 


0.19 


4.978 


0.187 


26.620 


Fe II 2383 z = 1.8151 


6875.17 


0.38 


2.767 


0.205 


13.498 




6893.81 


1.15 


1.078 


0.214 


5.037 




7060.68 


0.19 


2.229 


0.146 


15.267 


Fe II 2344 z = 2.0121 


7153.05 


0.79 


1.143 


0.196 


5.832 


Fe II 2374 z = 2.0121 (bl) 


7176.85 


0.23 


4.925 


0.198 


24.874 


Fe II 2383 z = 2.0121 (bl) A® 


7188.89 


0.31 


1.629 


0.146 


11.158 




7202.35 


0.46 


2.488 


0.197 


12.629 




7236.88 


0.68 


1.830 


0.239 


7.657 




7255.71 


0.48 


1.588 


0.190 


8.358 


Mn II 2577 z = 1.8151 A© 


7266.80 


0.60 


0.910 


0.158 


5.759 




7282.02 


0.35 


5.376 


0.297 


18.101 


Fell 2587 z = 1.8151 A© 


7305.65 


0.57 


1.359 


0.191 


7.115 


Mnll 2594 z = 1.8151 A© 


7320.58 


0.26 


5.736 


0.259 


22.147 


Fe II 2600 z = 1.8151 A© 


7336.50 


0.88 


1.293 


0.246 


5.256 


Mn II 2606 z = 1.8151 (bl) 


7349.42 


0.74 


1.127 


0.208 


5.418 
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Table 2 — Continued 



Central wavelength AA" Equivalent AW signii* identification 
A (A, vacuum) width W (A) /comments"''^ 



7607, 


,03 


0. 


.16 


15.576 


0.257 


60. 


.607 






7632. 


.53 


0. 


.16 


9.512 


0.223 


42. 


.655 






lOOo. 


.oU 


n 

u. 


AO 


O.OOD 






■ OOi 


^® 




7790, 


.19 


0. 


.43 


2.251 


0.239 


9. 


.418 


Fe II 2587 z = 


= 2.0121 (bl) 


7829, 


.39 


0. 


.10 


9.348 


0.208 


44. 


.942 


Fe II 2600 z = 


= 2.0121 


7872, 


.12 


0. 


.33 


7.783 


0.370 


21. 


.035 


Mg II 2796 z 


= 1.8151 


7893, 


.07 


0. 


.20 


7.206 


0.274 


26, 


.299 


Mg II 2803 z 


= 1.8151 


8033, 


.92 


0. 


.85 


1.509 


0.277 


5. 


.448 


Mg I 2852 z = 


= 1.8151 


8164, 


.45 


1. 


.38 


1.571 


0.290 


5. 


.417 






8232, 


.17 


0. 


.45 


2.279 


0.224 


10. 


.174 






8279, 


.64 


1. 


.15 


2.152 


0.392 


5. 


.490 


^® 




8341, 


.03 


0. 


.75 


2.150 


0.347 


6. 


.196 






8352, 


.79 


0. 


.85 


2.145 


0.397 


5. 


.403 






8422, 


.64 


0. 


.34 


5.803 


0.339 


17. 


.118 


Mg II 2796 z 


= 2.0121 


8445, 


.00 


0. 


.38 


5.825 


0.320 


18, 


.203 


Mg II 2803 z 


= 2.0121 


8593, 


.56 


0. 


.71 


1.376 


0.242 


5. 


.686 


Mg I 2852 z = 


= 2.0121 


9135, 


.55 


0. 


.58 


1.546 


0.259 


5. 


.969 






9155, 


.95 


1. 


.08 


2.223 


0.378 


5. 


.881 






J104357+0438 


5024, 


.69 


0. 


.80 


0.797 


0.158 


5. 


.044 


Mg II 2796 z 


= 0.7970 


5038, 


.07 


1. 


.15 


0.676 


0.168 


4. 


.024 


Mg II 2803 z 


= 0.7970 


5238, 


.75 


0. 


.71 


0.275 


0.085 


3. 


.235 


Mg II 2796 z 


= 0.8734 


5255, 


.08 


0. 


.34 


0.891 


0.089 


10, 


.011 


Mg II 2803 z 


= 0.8734 (bl) 


5264, 


.85 


0. 


.23 


1.222 


0.081 


15. 


.086 


Mg II 2796 z 


= 0.8828? 


















+ Fe II2600 z = 1.0255 (bl 


5292, 


.51 


0. 


.34 


0.626 


0.074 


8. 


.459 






5301, 


.70 


0. 


.65 


0.469 


0.088 


5. 


.330 






5664, 


.06 


0. 


.41 


1.385 


0.125 


11, 


.080 


Mg II 2796 z 


= 1.0255 


5678, 


.71 


0. 


.46 


1.059 


0.120 


8. 


.825 


Mg II 2803 z 


= 1.0255 


5777, 


.71 


1. 


.08 


0.915 


0.157 


5. 


.828 


Mg I 2852 z = 


= 1.0255 


5894, 


.71 


0. 


.93 


0.888 


0.143 


6. 


.210 






6297, 


.34 


0. 


.76 


0.731 


0.138 


5. 


.297 






6874, 


.70 


0. 


.27 


3.923 


0.168 


23. 


.351 






6894, 


.46 


0. 


.40 


2.587 


0.162 


15. 


.969 


Am 
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Table 2 — Continued 



Central wavelength AA° Equivalent AW signii* identification 
A (A, vacuum) width W (A) /comments'^''^ 



6909.81 


0.44 


0.898 


0.114 


7.877 




6932.87 


0.95 


1.544 


0.181 


8.530 




6955.02 


0.91 


0.804 


0.141 


5.702 




7172.04 


0.87 


0.933 


0.141 


6.617 




7187.80 


0.42 


1.946 


0.143 


13.608 


Mgll 2796 z = 1.5702 (bl) A® 


7203.78 


0.66 


1.284 


0.146 


8.795 


Mg II 2803 z = 1.5702 A® 


7248.06 


0.94 


0.960 


0.157 


6.115 




7607.10 


0.14 


15.501 


0.248 


62.504 




7634.09 


0.17 


11.365 


0.238 


47.752 




7659.26 


0.40 


6.611 


0.267 


24.760 




7697.25 


0.81 


1.469 


0.208 


7.062 




7830.18 


0.39 


0.333 


0.113 


2.947 


Mg II 2796 z = 1.8001? 


8166.43 


0.78 


0.942 


0.181 


5.204 




8201.58 


0.67 


1.065 


0.177 


6.017 




8230.63 


0.77 


1.384 


0.206 


6.718 




8834.54 


0.20 


0.718 


0.127 


5.654 




J104409+0531 


4668.79 


0.78 


2.040 


0.277 


7.365 




4815.80 


0.21 


1.039 


0.128 


8.117 




4981.05 


0.38 


1.271 


0.167 


7.611 




5808.31 


0.78 


1.470 


0.182 


8.077 




5826.56 


0.64 


1.297 


0.160 


8.106 




5842.15 


0.71 


1.156 


0.159 


7.270 




5791.13 


0.95 


0.750 


0.155 


4.839 


Mg II 2796 z = 1.0710 


5808.31 


0.78 


1.470 


0.182 


8.077 


Mg II 2803 .2 = 1.0710 


6277.99 


0.70 


1.599 


0.194 


8.242 




6597.23 


0.91 


0.886 


0.176 


5.034 




6875.04 


0.41 


3.324 


0.217 


15.318 


•^e 


6889.63 


0.57 


0.674 


0.134 


5.030 




6902.20 


0.86 


1.592 


0.216 


7.370 


-^e 


6963.35 


0.71 


0.961 


0.169 


5.686 




7027.06 


0.63 


0.868 


0.158 


5.494 




7176.63 


0.62 


0.833 


0.149 


5.591 


-^e 


7188.17 


0.46 


1.667 


0.165 


10.103 
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Table 2 — Continued 



Central wavelength AA° Equivalent AW signif*' identification 



A (A, vacuum) 




width W (A) 






/ comments'^'^ 


Ti no Af\ 

719(5.49 


U.o7 


0.9oo 


0.1z4 


7.9z7 




7206.17 


0.62 


0.832 


0.149 


5.584 


Ae 


7413.59 


0.77 


0.926 


0.178 


5.202 




7563.14 


0.76 


0.934 


0.175 


5.337 




7607.26 


0.17 


16.141 


0.243 


66.424 




7641.85 


0.29 


17.679 


0.319 


55.420 




7679.28 


0.47 


0.816 


0.133 


6.135 




7695.45 


0.73 


1.172 


0.185 


6.335 




8230.71 


0.31 


2.199 


0.198 


11.106 




8991.03 


0.66 


1.785 


0.294 


6.071 


^® 


9073.02 


0.52 


1.287 


0.235 


5.477 


•^e 


9134.65 


0.51 


1.317 


0.235 


5.604 


^® 


9178.82 


0.54 


1.607 


0.249 


6.454 


^® 


J104529+0623 


4764.66 


1.21 


1.525 


0.291 


5.241 




4819.66 


0.24 


6.105 


0.180 


33.917 




4842.84 


0.24 


1.353 


0.095 


14.242 




4851.02 


0.37 


0.872 


0.094 


9.277 




4875.50 


0.51 


4.063 


0.212 


19.165 




4895.32 


0.80 


0.951 


0.189 


5.032 




4956.87 


0.96 


1.310 


0.274 


4.781 


Mg II 2796 z = 0.7726 


4968.93 


0.94 


1.107 


0.257 


4.307 


Mg II 2803 z = 0.7726 


5144.16 


0.64 


0.959 


0.178 


5.388 




5153.51 


0.56 


1.075 


0.173 


6.214 




5555.66 


0.60 


1.107 


0.192 


5.766 




5576.94 


0.49 


2.631 


0.278 


9.464 




5585.46 


0.42 


0.818 


0.148 


5.527 




5807.68 


0.70 


1.019 


0.177 


5.757 


Mg II 2796 z = 1.0769 (bl) 


5822.67 


1.20 


0.583 


0.173 


3.370 


Mg II 2803 .2 = 1.0769 


5897.69 


1.17 


1.206 


0.188 


6.415 




5926.09 


1.01 


0.573 


0.126 


4.548 


Mg II 2796 z = 1.1192 


5943.24 


1.06 


0.793 


0.133 


5.962 


Mg II 2803 z= 1.1192 


5967.20 


0.13 


0.414 


0.046 


9.000 




5993.73 


1.41 


0.801 


0.151 


5.305 
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Table 2 — Continued 



Central wavelength 


AA« 


Equivalent 




signif*" 


identification 


A (A, vacuum) 




width W (A) 






/ comments'^''^ 


d874.5d 


A O 1 

0.31 


A OCA 

4.350 


A OO O 

0.233 


18.670 




0089.71 


A O C 

0.35 


O 1 d 


A 1 OC 

0.186 


11.618 




o902.1(J 


0.56 


1 AA C 

1.995 


A 01 C 

0.215 


A 0*7 A 

9.279 


^® 


5918. 51 


0.75 


1 A CT O 

1.053 


A 1 A C 

0.195 


CT A A A 

5.400 


^® 


0951). oo 


U.77 


1 A0 1 


A 1 A^; 
0.195 


C O AA 

5.z09 




1 A on 
7514. t3U 


1 oo 
1.16 


O 1 /I c 

2.145 


A OOC 


a c o A 
5.580 


A yf™ TT OTAC ^ 1 COT£! 

Mg 11 Z795 Z = 1.5875 


O C OA 


c\ no 


1.717 


A OT/1 

0.z74 


5.z55 


1\ TT OOAO *y 1 co'yc 

Mg 11 Z80o Z = 1.5875 


7608. 


A 1 O 

0.18 


1 O i^AO 

16.702 


A O /I O 

0.342 


48.836 




7627. Id 


0.14 


4.892 


A OA 1 

0.201 


O /t o o o 

24.338 




7b48.o4 


0.4U 


14.046 


0.424 


33.127 




7758. oo 


O.Dl 


1 c no 
1.592 


A O yf 1 
0.24i 


6.606 




TOO C AO 

7885.48 


1.4U 


2.068 


n Odd 
0.360 


5.744 




7927.10 


0.70 


1.426 


0.249 


5.727 




8165.16 


1.01 


1.826 


0.357 


5.115 


^® 


8231.78 


0.82 


1.923 


0.341 


5.639 




8281.22 


0.82 


3.113 


0.404 


7.705 


'^e 


8346.12 


0.56 


3.598 


0.388 


9.273 




8459.58 


0.68 


1.695 


0.334 


5.075 




8766.22 


0.67 


4.400 


0.339 


12.979 




8839.01 


0.45 


4.599 


0.398 


11.555 




8890.24 


0.74 


4.739 


0.505 


9.384 




8925.27 


0.89 


3.650 


0.515 


7.087 




8956.31 


0.75 


2.353 


0.436 


5.397 




8966.35 


0.77 


2.396 


0.460 


5.209 




J104543+0655 


5082.38 


1.13 


1.507 


0.247 


6.101 




5163.85 


0.73 


1.610 


0.225 


7.156 


Fell 2344 z= 1.2028 (bl) 


5249.28 


0.72 


2.055 


0.258 


7.965 


Fe II 2383 z = 1.2028 


5333.13 


0.33 


3.327 


0.240 


13.863 


Fe II 2344 z = 1.2751 


5401.96 


0.35 


2.844 


0.219 


12.986 


Fell 2374 z= 1.2751 


5421.10 


0.53 


4.886 


0.298 


16.396 


Fe II 2383 z = 1.2751 


5583.38 


0.56 


1.184 


0.231 


5.126 




5697.37 


1.01 


0.713 


0.208 


3.428 


Fe II 2587 z = 1.2028 


5727.68 


0.50 


2.171 


0.235 


9.238 


Fe II 2600 z = 1.2028 



Table 2 — Continued 



Central wavelength AA" Equivalent AW signif* identification 
A (A, vacuum) width W (A) /comments^'"^ 



5785, 


.31 


0, 


.66 


1, 


.018 


0. 


,194 


5, 


.247 


Fe II 2344 z = 


= 1.4684 


5860, 


.84 


0, 


.64 


1, 


.160 


0. 


,183 


6, 


.339 


Fe II 2374 z = 


= 1.4684; 






















Mn II 2577 z 


= 1.2751? (bl) 


5883, 


.41 


0, 


.26 


5, 


.521 


0. 


,228 


24, 


.215 


Fe II 2587 z = 


= 1.2751, 






















Fe II2383 z = 


: 1.4684 (bl) 


5902, 


.81 


0, 


.68 


0, 


.587 


0. 


,138 


4, 


.254 


Mn II 2594 z 


= 1.2751? (bl , 


5917, 


.79 


0, 


.49 


5, 


,669 


0, 


,252 


22 


.496 


Fe II 2600 z = 


= 1.2751 A® 


6159, 


.68 


0, 


.31 


3, 


.822 


0. 


,231 


16 


.545 


Mg II 2796 z 


= 1.2028 


6175, 


.99 


0, 


.43 


3, 


.189 


0. 


,236 


13 


.513 


Mg II 2803 z 


= 1.2028 


6282, 


.55 


1, 


.41 


2, 


.343 


0, 


,318 


7, 


.368 


Mg I 2852 z = 


= 1.2028 


6361 


.95 


0, 


.32 


5, 


,149 


0, 


,240 


21 


.454 


Mg II 2796 z 


= 1.2751 


6380, 


.18 


0, 


.30 


6, 


.016 


0. 


,240 


25, 


.067 


Mg II 2803 z 


= 1.2751, 






















Fe II2587 z = 


: 1.4684 (bl) 


6417, 


.60 


0, 


.53 


1, 


.334 


0, 


,176 


7, 


.580 


Fe II 2600 z = 


= 1.4684 


6490, 


.56 


0, 


.50 


1, 


.943 


0. 


,188 


10 


.335 


Mg I 2852 z = 


= 1.2751 


6874, 


.05 


0, 


.28 


3, 


.996 


0. 


,180 


22 


.200 






6888, 


.16 


0, 


.28 


1, 


.174 


0. 


,114 


10 


.298 






6902, 


.13 


0, 


.30 


4, 


.360 


0, 


,189 


23 


.069 


Mg II 2796 z 


= 1.4684 Ae 


6920, 


.69 


0, 


.40 


2, 


.065 


0. 


,161 


12 


.826 


Mg II 2803 z 


= 1.4684 A© 


6936, 


.36 


0, 


.75 


0, 


.747 


0. 


,140 


5, 


.336 






6955, 


.57 


0, 


.75 


0, 


,798 


0, 


,148 


5, 


.392 






7046, 


.56 


0, 


.69 


0, 


,655 


0, 


,130 


5, 


.038 






7187, 


.76 


0, 


.72 


0, 


.835 


0. 


,148 


5, 


.642 






7202, 


.23 


1, 


.04 


1, 


.558 


0. 


,216 


7, 


.213 






7280, 


.76 


0, 


.86 


0, 


.943 


0, 


,175 


5, 


.389 


'^e 




7294, 


.88 


0, 


.90 


1, 


,247 


0, 


,194 


6, 


.428 


'^e 




7607, 


.21 


0, 


.19 


16, 


.904 


0. 


,317 


53, 


.325 






7628, 


.28 


0, 


.13 


5, 


.778 


0. 


,191 


30 


.251 


-^e 




7647, 


.14 


0, 


.38 


11, 


.395 


0, 


,357 


31 


.919 


'^e 




8231, 


.14 


0, 


.73 


1, 


.577 


0. 


,283 


5, 


.572 






8437, 


.04 


0, 


.52 


1, 


.478 


0. 


,267 


5, 


.536 






8471, 


.21 


0, 


.47 


1, 


.654 


0. 


,272 


6, 


.081 






8636, 


.64 


0, 


.77 


3, 


.407 


0, 


,380 


8, 


.966 






8676, 


.01 


0, 


.76 


1, 


.635 


0. 


,269 


6, 


.078 






8770, 


.99 


0, 


.76 


1, 


.368 


0. 


,258 


5, 


.302 






8890, 


.75 


0, 


.58 


3, 


.513 


0. 


,396 


8, 


.871 
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Table 2 — Continued 



Central wavelength 




Equivalent 


AW 


signif* 




identification 


A (A, vacuum) 




width W (A) 








/ comments'^''' 


9061.46 


0.77 


2.228 


0.427 


5.218 






J104545+0523 


4866.14 


0.71 


2.519 


0.311 


8.100 






4961.75 


1.09 


1.869 


0.320 


5.841 






5176.46 


0.65 


1.975 


0.248 


7.964 


Mg 


II 2796 z = 0.8511 


5191.88 


0.74 


2.289 


0.266 


8.605 


Mg 


II 2803 z = 0.8511 


5274.32 


0.84 


1.042 


0.216 


4.824 


Mg 


II 2796 z = 0.8861 


5287.80 


0.91 


0.759 


0.200 


3.795 


Mg 


II 2803 z = 0.8861 


5581.56 


0.67 


0.925 


0.178 


5.197 






5899.43 


1.01 


0.984 


0.192 


5.125 


^® 




6298.46 


1.11 


1.370 


0.220 


6.227 






6570.00 


0.51 


2.897 


0.215 


13.474 






6838.33 


0.36 


1.004 


0.158 


6.354 






6874.63 


0.32 


3.539 


0.197 


17.964 


^® 




6894.57 


0.60 


1.552 


0.181 


8.575 


•^e 




6906.17 


0.50 


1.257 


0.157 


8.006 


'^e 




7166.05 


1.05 


1.091 


0.200 


5.455 


^® 




7179.69 


0.45 


1.775 


0.172 


10.320 


^® 




7193.51 


0.48 


1.672 


0.174 


9.609 


^® 




7207.30 


0.65 


1.587 


0.198 


8.015 


^® 




7237.67 


0.92 


1.934 


0.238 


8.126 


^® 




7254.87 


0.79 


1.056 


0.180 


5.867 


^® 




7293.65 


0.90 


1.325 


0.208 


6.370 


A© 




7607.81 


0.19 


15.268 


0.311 


49.093 


^® 




7628.77 


0.18 


5.352 


0.211 


25.365 


^® 




7649.29 


0.36 


10.461 


0.341 


30.677 


•^e 




7676.35 


0.57 


1.415 


0.199 


7.111 


^® 




8167.98 


0.85 


1.884 


0.277 


6.801 


^® 




8232.50 


1.53 


3.131 


0.416 


7.526 


^® 




8508.16 


0.90 


1.489 


0.290 


5.134 






8551.96 


0.84 


2.690 


0.358 


7.514 






8993.23 


1.00 


1.986 


0.384 


5.172 


^® 




9008.03 


0.92 


1.774 


0.353 


5.025 


Am 
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Table 2 — Continued 



Central wavelength AA" Equivalent AW signif*" identification 
A (A, vacuum) width W (A) /comments"''^ 



J104552+0624 



4759. Id 


U.9d 


O 01 A 

z.zlU 


A OOO 

0.282 


T OOT 

7.837 






5151. 98 


1 c c 

1.55 


A C OA 

U.5z9 


A OA A 

0.2U4 


O C AO 

2.593 


at; TT 0001 ~^ 

INl 11 2321 z = 


1.2199.' 


5289.50 


A O ^ 

0.87 


A C /I T 

0.547 


0.166 


O OA C 

3.295 


TT'^ T T O O O O 

l^e 11 zSoZ z = 


1.2199 


r- AO 

5772.02 


1 o c 

1.25 


A /f C O 

0.458 


0.165 




TT^^ TT 0*^AA 

l^e 11 2600 z = 


1 oi AAr* 

1.2199.' 


cr\r\r\ ao 

5990.02 


0.36 


O OO A 


0.176 


1 O TOO 

12.722 






/^OA*? OA 

6207.89 


A O /I 

0.34 


1.785 


A 1 /I A 

U.149 


1 1 AOT 

11.987 


T\ /f ^ TT OTA/^ 

Mg 11 2796 z = 


: 1.2199 


r'oo o AO 


U.54 


1 OA 1 

1.391 


A 1 O 

0.153 


O C O /I 

8.534 


A T™. TT OOAO ^ 

Mg 11 2803 z = 


1 O 1 A A 

= 1.2199 


Oi^5z.o4 


U.oo 


1.7d7 


A 1 O /I 

0.184 


A a(\o 
9.603 






d7do.51 


A y1 A 
U.4(J 


A COA 


A 1 AA 

0.109 


5.688 






/^OTC OO 

oo75.zzi 


A O C 


O OO c 


O.lDD 


OO A /I O 






£?0 A C /I O 

0895.42 


A AO 

0.43 


O /I OA 

2.489 


A 1 TA 

0.170 


14.641 






5914. ZD 


A CT 

0.57 


1 A OA 

1.920 


A 1 TO 

0.172 


11 1 CO 

11.163 






/?AOA O/? 

6939. 86 


A CT 

0.57 


O AAO 

3.008 


A 1 AT 

0.197 


1 C OCA 

15.269 






A c o o 1 

oy5o.zl 


A OA 


1 AA A 


A 1 1 O 

0.113 


o o o c 
8.885 






d9d9.51 


A AO 

0.48 


1 Oi^O 

1.272 


A 1 OO 

0.132 


A oon 

9.636 






/?AOO OO 

6983.88 


A OA 

0.39 


1 o c o 

1.253 


0.121 


1 A O C C 

10.355 






6992.98 


0.25 


1.071 


0.093 


11.516 






7000.62 


0.23 


0.851 


0.086 


9.895 






7191.95 


0.75 


0.818 


0.151 


5A17 


-^e 




7207.39 


1.10 


0.950 


0.182 


5.220 


-^e 




7237.15 


0.49 


1.076 


0.154 


6.987 


'^e 




7607.31 


0.13 


15.604 


0.214 


72.916 


-^e 




7626.80 


0.11 


4.179 


0.131 


31.901 


-^e 




7644.01 


0.17 


10.867 


0.220 


49.395 


-^e 




7673.20 


0.83 


0.991 


0.178 


5.567 


Ae 




8167.64 


0.63 


1.694 


0.205 


8.263 






8181.67 


0.50 


1.187 


0.172 


6.901 






8199.07 


0.49 


0.982 


0.168 


5.845 


-^e 




8231.65 


0.69 


2.218 


0.240 


9.242 






8967.82 


0.46 


1.927 


0.258 


7.469 


-^e 




8990.46 


0.67 


2.854 


0.330 


8.648 


•^e 




9020.38 


1.16 


1.986 


0.332 


5.982 


'^e 




9135.81 


0.65 


1.315 


0.247 


5.324 
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Table 2 — Continued 



Central wavelength 
A (A, vacuum) 



Equivalent 
width W (A) 



AW signify 



identification 
/ comments'^''' 



J 104642+0531 



5094.18 


0.54 


6.341 


0.347 


18.274 




5127.33 


0.76 


4.432 


0.345 


12.846 




5533.61 


0.89 


1.789 


0.253 


7.071 




5545.86 


0.75 


1.811 


0.235 


7.706 




5654.47 


0.19 


11.734 


0.268 


43.784 


Mg II 


5669.19 


0.12 


14.172 


0.236 


60.051 


Mg II 


6264.19 


1.00 


0.959 


0.184 


5.212 




6280.21 


0.89 


1.226 


0.189 


6.487 




6312.88 


1.09 


1.457 


0.249 


5.851 




6875.25 


0.27 


3.469 


0.165 


21.024 




6893.14 


0.43 


1.503 


0.141 


10.660 




6905.82 


0.66 


0.994 


0.142 


7.000 


A© 


7175.24 


0.46 


1.436 


0.142 


10.113 


A© 


7187.60 


0.27 


1.889 


0.125 


15.112 


^© 


7197.09 


0.22 


1.329 


0.101 


13.158 


•^© 


7207.00 


0.32 


1.954 


0.135 


14.474 


'^© 


7220.29 


0.46 


0.874 


0.116 


7.534 




7233.13 


0.29 


2.201 


0.141 


15.610 


'^© 


7245.81 


0.32 


2.583 


0.180 


14.350 


''^© 


7257.88 


0.30 


1.398 


0.122 


11.459 


'^© 


7266.95 


0.29 


1.034 


0.105 


9.848 


'^© 


7278.61 


0.42 


2.313 


0.187 


12.369 


•^ffi 


7293.34 


0.39 


1.450 


0.139 


10.432 


A© 


7307.51 


0.37 


2.730 


0.174 


15.690 




7322.88 


0.50 


1.533 


0.165 


9.291 




7338.74 


0.70 


1.132 


0.171 


6.620 




7348.38 


0.57 


0.615 


0.121 


5.083 




7607.85 


0.12 


16.552 


0.203 


81.537 


'^© 


7639.88 


0.19 


16.054 


0.242 


66.339 


^© 


7670.49 


0.53 


1.560 


0.160 


9.750 


'^© 


8030.08 


0.82 


1.813 


0.234 


7.748 




8160.99 


0.62 


3.908 


0.245 


15.951 


'^© 


8182.11 


0.56 


1.086 


0.152 


7.145 


'^© 


8193.80 


0.50 


0.971 


0.141 


6.887 


A© 
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Table 2 — Continued 



Central wavelength 




Equivalent 


AW 


signif*' 


identification 


A (A, vacuum) 




width W (A) 






/ comments"''^ 


82U2.45 


0.73 


A O Ad 

0.849 


0.154 


CT CIO 

5.513 


^® 


8234.59 


0.54 


4.590 


0.251 


18.287 


\ 

^® 


oioO.OY 


0.94 


r» AO A 

0.984 


A 1 TA 

0.179 


5.497 


^® 


8281.87 


0.73 


2.809 


0.274 


10.252 




8295.63 


0.40 


0.950 


0.164 


5.793 




8323.67 


1.24 


2.199 


0.279 


7.882 




8355.92 


0.87 


2.164 


0.297 


7.286 




8436.14 


0.67 


1.716 


0.249 


6.892 




8469.09 


1.02 


1.503 


0.266 


5.650 




8727.60 


1.00 


1.618 


0.235 


6.885 




8770.87 


0.58 


2.941 


0.331 


8.885 




8893.45 


0.67 


1.919 


0.281 


6.829 




8945.11 


0.87 


1.292 


0.244 


5.295 




9137.34 


0.90 


1.505 


0.236 


6.377 


'^e 


91.'')6.99 


0..^)2 


3.161 


0.2r,9 


12.20r, 


A- 


J104656+0541 


4790.03 


1.28 


1.075 


0.340 


3.162 


Mg II 2796 z = 0.7130 (bl) 


4803.63 


1.04 


1.316 


0.338 


3.893 


Mg II 2803 z = 0.7130 


5156.68 


0.99 


1.718 


0.295 


5.824 




5249.52 


1.08 


1.748 


0.299 


5.846 




6875.97 


0.39 


3.423 


0.230 


14.883 




6892.73 


0.48 


1.899 


0.198 


9.591 




6906.61 


0.59 


1.941 


0.222 


8.743 




7188.73 


0.58 


2.119 


0.214 


9.902 




7202.69 


0.62 


1.472 


0.198 


7.434 


^® 


7607.33 


0.16 


13.907 


0.262 


53.080 




7627.06 


0.17 


3.472 


0.169 


20.544 


•^e 


7644.42 


0.29 


10.134 


0.299 


33.893 


'^e 


7667.74 


0.90 


1.118 


0.219 


5.105 


^® 


8160.04 


0.54 


1.018 


0.191 


5.330 


^® 


8169.99 


0.63 


1.504 


0.235 


6.400 


^® 


8180.86 


0.71 


1.350 


0.238 


5.672 


^® 


8229.41 


0.79 


2.534 


0.316 


8.019 


^® 


8970.08 


1.11 


3.258 


0.525 


6.206 
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Table 2 — Continued 



Central wavelength 




Equivalent 


AW 


signii* 


identification 


A (A, vacuum) 




width W (A) 






/ comments'^''' 


8992.33 


0.75 


3.093 


0.448 


6.904 




9087.42 


0.78 


1.776 


0.343 


5.178 




J104733+0524 


5038.27 


1.29 


0.675 


0.216 


3.125 


Mg II 2796 z = 0.8016 


5050.45 


1.17 


0.739 


0.215 


3.437 


Mg II 2803 z = 0.8016 


5139.21 


0.68 


0.724 


0.170 


4.259 


Mg I 2852 z = 0.8016 


5205.02 


0.21 


4.992 


0.231 


21.610 




6395.08 


0.35 


2.574 


0.172 


14.965 




6632.33 


0.57 


0.601 


0.119 


5.050 




6874.62 


0.58 


3.457 


0.233 


14.837 


•^e 


6895.74 


0.72 


1.905 


0.199 


9.573 




7173.25 


0.59 


1.914 


0.195 


9.815 




7186.71 


0.29 


2.089 


0.150 


13.927 




7202.28 


0.60 


2.731 


0.220 


12.414 




7235.71 


0.94 


1.320 


0.214 


6.168 




7247.21 


0.65 


0.997 


0.188 


5.303 




7256.89 


0.63 


0.838 


0.152 


5.513 




7607.48 


0.13 


15.184 


0.220 


69.018 


•^e 


7638.01 


0.22 


14.049 


0.267 


52.618 


^© 


7665.63 


0.54 


1.896 


0.196 


9.673 


•^e 


8167.15 


0.73 


1.232 


0.224 


5.500 


^® 


8182.57 


0.65 


1.361 


0.220 


6.186 




8199.28 


0.94 


1.425 


0.258 


5.523 




8232.18 


0.72 


1.891 


0.262 


7.218 


^® 


J104747+0456 


4533.44 


0.87 


3.398 


0.510 


6.663 




4642.00 


0.57 


1.337 


0.220 


6.077 




4658.96 


0.53 


1.147 


0.211 


5.436 




4684.25 


0.58 


3.050 


0.306 


9.967 




4735.33 


0.39 


5.933 


0.286 


20.745 


Mg II 2796 ^ = 0.6950 (bl); 












CIV 1548/1550 z = 2.0728? 


4754.13 


0.27 


6.015 


0.233 


25.815 


Mg II 2803 z = 0.6950 (bl) 
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Table 2 — Continued 



Central wavelength AA" Equivalent AW signii* identification 
A (A, vacuum) width W (A) /comments^'"^ 



4859.17 


1.00 


1, 


.076 


0, 


,186 


5. 


.785 








4936.36 


0.79 


0, 


.809 


0, 


,185 


4. 


.373 


Mg II 


2796 z 


= 0.7653 


4949.75 


1.16 


0, 


,426 


0, 


.171 


2. 


.491 


Mg II 


2803 z 


= 0.7653 


4984.92 


0.91 


2, 


.540 


0, 


,288 


8. 


.819 








5130.69 


0.38 


3 


.462 


0, 


,206 


16. 


,806 


Mg II 


2796 z 


= 0.8341 (bl) 


5144.62 


0.61 


0, 


.437 


0, 


,116 


3. 


,767 


Mg II 


2803 z 


= 0.8341 


5153.16 


0.59 





.883 


0, 


.150 


5. 


.887 








6281.25 


0.97 


1, 


.339 


0, 


,225 


5. 


.951 


Mg II 


2796 z 


= 1.2455? 


6291.79 


0.78 


0, 


.404 


0, 


,137 


2. 


.949 


Mg II 


2803 z 


= 1.2455? (heavily bl) 


6320.74 


0.78 


1, 


.811 


0, 


,244 


7. 


,422 








6876.97 


0.54 


3 


.321 


0, 


.259 


12. 


.822 








6893.35 


0.50 


1, 


.393 


0, 


,173 


8. 


.052 








6902.53 


0.38 


1, 


.053 


0, 


,138 


7. 


.630 








7175.90 


0.29 


2, 


.729 


0, 


.174 


15. 


.684 








7190.56 


0.47 


1, 


.311 


0, 


.152 


8. 


.625 








7204.08 


0.32 


3, 


,274 


0, 


.185 


17. 


.697 


Fe II 2344 z = 


= 2.0728 (bl Ae 


7296.57 


0.55 


1. 


.166 


0, 


,187 


6. 


,235 


Fe II 2374 z -- 


= 2.0728 Ae 


7309.50 


0.55 


0, 


,848 


0, 


.163 


5. 


.202 








7321.43 


0.28 


4, 


.032 


0, 


,242 


16. 


.661 


Fe II 2383 z -- 


= 2.0728 Ae 


7611.03 


0.12 


15. 


.204 


0, 


,214 


71. 


,047 








7634.38 


0.14 


7, 


.774 


0, 


,188 


41. 


,351 








7650.83 


0.17 


6 


.008 


0, 


.174 


34. 


.529 








7665.46 


0.33 


2, 


.098 


0, 


,171 


12. 


.269 








7680.90 


0.73 


1, 


.536 


0, 


,195 


7. 


.877 








7832.62 


0.12 


8, 


,095 


0, 


.206 


39. 


.296 








7947.92 


0.75 


2, 


,148 


0, 


.278 


7. 


.727 


Fe II 2587 z = 


= 2.0728 


7989.57 


0.37 


3, 


,409 


0. 


,273 


12. 


.487 


Fe II 2600 z -- 


= 2.0728 


8196.96 


0.52 


2, 


,682 


0, 


,240 


11. 


.175 


Mg II 2796 z 


= 1.9312 (bl) Ae 


8216.89 


0.75 


0, 


,670 


0, 


.174 


3. 


.851 


Mg II 2803 z 


= 1.9312 Ae 


8234.38 


0.47 


2, 


,468 


0, 


.222 


11. 


.117 








8592.36 


0.16 


7, 


,253 


0. 


,218 


33. 


,271 


Mg II 2796 z 


= 2.0728 


8614.91 


0.41 


7, 


,370 


0. 


,350 


21. 


,057 


Mg II 2803 z 


= 2.0728 


8765.76 


0.74 


0, 


,724 


0, 


.231 


3. 


.134 


Mg I 2852 z -- 


= 2.0728 


8847.89 


1.10 


2, 


,269 


0, 


.431 


5. 


.265 









J104752+0618 



Table 2 — Continued 



Central wavelength AA" Equivalent AW signif*" identification 
A (A, vacuum) width W (A) /comments'^''^ 



5893.08 


0.65 


0.835 


0.158 


5.285 






6128.07 


0.91 


1.163 


0.205 


5.673 






6874.24 


0.40 


3.677 


0.231 


15.918 


-^e 




6892.90 


0.80 


1.586 


0.220 


7.209 


-^e 




7173.35 


0.87 


1.123 


0.213 


5.272 


-^e 




7186.40 


0.46 


2.056 


0.207 


9.932 


'^e 




7198.32 


0.59 


1.035 


0.176 


5.881 


-^e 




7278.25 


0.65 


0.960 


0.181 


5.304 


-^e 




7607.88 


0.22 


15.608 


0.378 


41.291 






7641.82 


0.45 


16.234 


0.486 


33.403 






8165.17 


0.94 


1.929 


0.348 


5.543 






8230.33 


1.03 


2.758 


0.412 


6.694 






8474.91 


0.37 


1.618 


0.260 


6.223 






J104840+0535 


4654.73 


1.96 


2.861 


0.442 


6.473 






4738.41 


0.85 


1.386 


0.255 


5.435 


Fe II 2383 z -- 


= 0.9882 (bl)? 


5142.25 


0.81 


1.687 


0.217 


7.774 


Fc II 2586 z = 


= 0.9882 (bl)? 


5169.18 


0.50 


1.345 


0.167 


8.054 


Fc II 2600 z -- 


= 0.9882 


5559.66 


0.26 


2.222 


0.142 


15.648 


Mg II 2796 z 


= 0.9882 


5573.81 


0.19 


3.003 


0.142 


21.148 


Mg II 2803 z 


= 0.9882 


5894.22 


0.94 


1.061 


0.192 


5.526 






5911.38 


1.08 


0.515 


0.160 


3.219 


Fe II 2600 z = 


= 1.2728? Ae 


6282.77 


0.86 


0.715 


0.151 


4.735 


Mg II 2796 z 


= 1.2460 (bl) 


6296.83 


0.77 


0.929 


0.178 


5.219 


Mg II 2803 z 


= 1.2460 


6309.78 


0.56 


1.323 


0.161 


8.217 






6335.09 


0.72 


2.647 


0.221 


11.977 






6356.18 


0.41 


1.175 


0.141 


8.333 


Mg II 2796 z 


= 1.2728 (bl) 


6371.43 


0.59 


0.450 


0.115 


3.913 


Mg II 2803 z 


= 1.2728 


6877.07 


0.25 


4.052 


0.163 


24.859 






6893.53 


0.37 


1.046 


0.113 


9.257 


-^e 




6902.96 


0.49 


0.599 


0.102 


5.873 


•^e 




6910.65 


0.58 


0.681 


0.115 


5.922 






7172.91 


0.91 


0.787 


0.155 


5.077 
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Table 2 — Continued 



Central wavelength 




Equivalent 




signii* 




identification 


A (A, vacuum) 




width W (A) 








/ comments'^''' 


7182.17 


0.41 


0.793 


0.114 


6.956 


^® 




7189.64 


0.48 


0.679 


0.114 


5.956 


^® 




7608.87 


0.17 


16.527 


0.307 


53.834 






7644.16 


0.37 


18.692 


0.418 


44.718 


A® 




7737.45 


1.01 


1.661 


0.325 


5.111 






8202.76 


0.78 


1.005 


0.193 


5.207 


^@ 




8232.72 


0.69 


1.563 


0.208 


7.514 


^® 




8969.82 


0.89 


1.769 


0.340 


5.203 


^® 




J104914+0414 


5038.32 


0.87 


1.357 


0.187 


7.257 






6278.62 


1.28 


0.962 


0.194 


4.959 


Mg 


II 2796 z = 1.2458 


6297.95 


0.59 


1.256 


0.161 


7.801 


Mg 


II 2803 z = 1.2458 (bl) 


6308.84 


0.27 


0.635 


0.100 


6.350 






6781.62 


0.57 


0.290 


0.096 


3.021 


Mg 


II 2796 z = 1.4252? 


6813.82 


0.42 


0.859 


0.124 


6.927 






6875.28 


0.34 


2.983 


0.174 


17.144 






6890.69 


0.41 


1.058 


0.127 


8.331 






6897.27 


0.32 


0.430 


0.080 


5.375 


^<s 




6906.98 


0.44 


1.893 


0.161 


11.758 


•^e 




6921.90 


0.61 


1.145 


0.152 


7.533 


^® 




7178.34 


1.10 


1.334 


0.231 


5.775 


^® 




7193.41 


0.55 


1.352 


0.161 


8.398 






7205.45 


0.61 


0.817 


0.145 


5.634 






7254.07 


1.55 


1.395 


0.234 


5.962 


•^e 




7607.73 


0.23 


15.309 


0.357 


42.882 


A® 




7626.83 


0.18 


3.875 


0.201 


19.279 


^® 




7644.00 


0.34 


10.416 


0.362 


28.773 


^(B 




8231.04 


1.17 


1.603 


0.296 


5.416 


^® 




8970.47 


0.65 


3.215 


0.401 


8.017 


^® 




J104929+0544 


5037.35 


0.76 


1.338 


0.221 


6.054 






5049.36 


0.40 


1.588 


0.182 


8.725 
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Table 2 — Continued 



Central wavelength AA° Equivalent AW signif* identification 
A (A, vacuum) width W (A) /comments^'"^ 



5060.29 


0.25 


3.136 


0.194 


16.165 




5074.03 


0.22 


5.936 


0.229 


25.921 




5098.05 


0.38 


8.034 


0.309 


26.000 




5121.74 


0.50 


1.908 


0.208 


9.173 




5134.30 


0.67 


0.970 


0.187 


5.187 




5788.65 


1.74 


0.902 


0.247 


3.652 


Fe II 2600 z = 1.2264 


6214.01 


0.35 


0.958 


0.146 


6.562 




6226.14 


0.85 


1.359 


0.224 


6.067 


Mg II 2796 z = 1.2264 


6240.95 


0.74 


0.951 


0.203 


4.685 


Mg II 2803 z = 1.2264 


6552.28 


0.65 


1.492 


0.210 


7.105 




6634.44 


0.80 


1.088 


0.189 


5.757 




6658.92 


0.38 


2.314 


0.188 


12.309 




6836.05 


0.45 


3.044 


0.239 


12.736 




6873.58 


0.69 


4.045 


0.286 


14.143 


•^e 


6895.23 


0.50 


2.009 


0.192 


10.464 


^® 


6909.76 


0.40 


2.500 


0.194 


12.887 


^® 


6924.25 


0.62 


1.174 


0.181 


6.486 




7175.92 


0.64 


1.267 


0.177 


7.158 


^® 


7189.99 


0.37 


2.580 


0.183 


14.098 


^® 


7204.87 


0.51 


1.940 


0.192 


10.104 


^® 


7227.88 


0.61 


1.988 


0.209 


9.512 


Mg II 2796 z = 1.5851 


7248.90 


0.76 


1.815 


0.267 


6.798 


Mg II 2803 z = 1.5851 


7266.26 


0.34 


2.991 


0.198 


15.106 




7279.42 


0.88 


1.370 


0.261 


5.249 




7608.27 


0.14 


15.088 


0.244 


61.836 




7632.30 


0.13 


9.167 


0.203 


45.158 




7655.15 


0.29 


12.435 


0.309 


40.243 




7814.49 


0.19 


4.248 


0.196 


21.673 




7830.08 


0.09 


10.544 


0.178 


59.236 




8138.74 


0.80 


1.014 


0.201 


5.045 


^® 


8162.68 


0.73 


4.246 


0.316 


13.437 


^® 


8186.05 


0.44 


2.709 


0.228 


11.882 


^® 


8198.79 


0.74 


1.141 


0.210 


5.433 


•^e 


8231.03 


0.72 


2.606 


0.273 


9.546 


'^e 


8306.98 


0.15 


2.166 


0.188 


11.521 


^® 


9165.46 


0.52 


1.520 


0.274 


5.547 


Am 
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Table 2 — Continued 



Central wavelength AA" Equivalent AW signif* identification 
A (A, vacuum) width W (A) /comments'^''' 



J105010+0432 



6874.24 


0, 


.39 


3 


.903 


0, 


.222 


17, 


.581 


^® 


6888.89 


0, 


.40 


0, 


.927 


0, 


.128 


7, 


,242 


•^e 


6902.39 


0, 


.80 


2, 


.322 


0, 


.231 


10, 


,052 


^® 


7176.59 


0, 


.75 


1, 


.651 


0, 


.195 


8, 


.467 


^® 


7190.13 


0, 


.43 


1, 


.713 


0, 


.159 


10, 


.774 


A© 


7204.80 


0, 


.43 


1, 


.774 


0, 


.166 


10, 


.687 


A© 


7239.59 


1, 


.11 


1, 


.981 


0, 


.272 


7, 


,283 


^® 


7608.35 


0, 


.12 


14, 


.992 


0, 


.209 


71, 


.732 


^® 


7643.35 


0, 


.35 


15. 


.987 


0, 


.331 


48, 


.299 


^® 


8146.60 


1, 


.48 


1, 


.923 


0, 


.308 


6, 


,244 




8167.29 


0, 


.70 


1, 


.907 


0, 


.232 


8, 


.220 


^® 


8232.17 


0, 


.60 


2. 


.400 


0, 


.252 


9, 


.524 


^® 


8991.66 


0, 


.73 


2, 


.153 


0, 


.390 


5, 


.521 


^® 



'^la uncertainty in feature centroid 
significance (W/AW) 
^bl = blend 

'^A© = in telluric absorption zone 



Table 3. Mg II systems 



quasar 


'^Mgll 


type'' 


survey 


cP 


Wo(A2796) 


a(A2796) 


Wo(A2803) 


cr(A2803) 


comments 






s'^ 






(A) 




(A) 




/other metals 


J103937+0531 


1.1448 


w 


n 


y 


r 


0.342 ±0.102 


3.362 


0.220 ±0.083 


2.661 




J103937+0531 


1.2515 


w 


n 


n 


c 


0.494 ±0.101 


4.877 


0.202 ±0.074 


2.725 




J103937+0531 


1.9748 


w 


n 


y 


r 


0.436 ±0.113 


3.872 


0.374 ±0.083 


4.492 




J103952+0633 


1.2459 


w 


n 


y 


r 


0.329 ±0.077 


4.272 


0.678 ±0.081 


8.409 


Fe II Wo,2600 = 0.246 


J103952+0633 


1.3353 


w 


n 


y 


r 


0.339 ±0.085 


4.000 


0.311 ±0.075 


4.172 




J104007+0531 


1.3015 


w 


n 


y 


r 


0.566 ±0.068 


8.293 


0.426 ±0.056 


7.656 


Mg I?; Fe II Wo,2600 = 0.295 


J104007+0531 


1.5706^ 


s 


y 


y 


r 


3.462 ±0.115 


30.061 


2.846 ±0.101 


28.142 


Fell Wo,2600 = 1-305 


J104155+0612 


0.8829 


s 


y 


y 


r 


0.933 ±0.092 


10.092 


1.034 ±0.088 


11.794 




J104155+0612 


0.9376 


s 


\r 
J 


y 


r 


0.714 ±0.071 


10.029 


0.631 ±0.078 


8.093 


Fe II, Mg I 


J104155+0612 


1.2628 


w 


n 


y 


r 


0.375 ±0.051 


7.383 


0.320 ±0.054 


5.894 




J104155+0612 


1.3460 


w 


n 


y 


r 


0.316 ±0.054 


5.889 


0.238 ±0.050 


4.737 




J104213+0628 


1.5072 


s 


y 


y 


r 


2.115 ±0.077 


27.340 


0.333 ±0.058 


5.726 




J104213+0628 


1.9433-'' 


s 


y 


y 


r 


2.759 ±0.108 


25.461 


2.527 ±0.119 


21.191 


Fe II Wo,2600 = 3.748 , Mg I, Al II; 

Si II?, S I?, Al III? 


J104323+0422 


0.9585 


s 


y 


y 


r 


0.742 ±0.109 


6.794 


0.492 ±0.084 


5.872 


Fe II 14^0,2600 = 0.288? 


J104323+0422 


1.8151/ 


s 


y 


y 


r 


2.765 ±0.131 


21.035 


2.559 ±0.097 


26.299 


C I?, Al II, Al III, Mil II, 
Mg I, Fe II Wo,2600 = 2.037 


J104323+0422 


2.0121-'' 


s 


y 


y 


r 


1.927 ±0.113 


17.118 


1.934 ±0.106 


18.203 


C IV?, Mg I, Al II?; 
Fe II 1^0,2600 = 3.105 


J104357+0438 


0.7970 


w 


n 


y 


r 


0.444 ±0.088 


5.044 


0.376 ±0.093 


4.024 





Table 3. Mg II systems (continued) 



L[ Lido Oil 




'Mgll 


type 


survey 






n(\')7Q(\\ 

U \/\^ 1 t7U J 




























/ /"i"!" ntiT" YTi tit" ci 1 a 


J104357+0438 


0, 


.8734 


V 


n 


n 


C 


0.147 ±0.045 


3.235 


0.476 ±0.048 


10.011 




J104357+0438 


1, 


.0255-'' 


s 


y 


y 


r 


0.684 ±0.062 


11.080 


0.523 ±0.059 


8.825 


Mg I, 
























Fe II (bl) Wo,2600 = 0.604 


J104357+0438 


1, 


.5702 


s 


y 


y 


r 


0.757 ±0.056 


13.608 


0.500 ±0.057 


8.795 




J104409+0531 


1, 


.0710 


w 


n 


y 


r 


0.362 ±0.075 


4.839 


0.710 ±0.088 


8.077 




J104529+0623 


0, 


.7726 


s 


y 


y 


r 


0.739 ±0.155 


4.781 


0.625 ±0.145 


4.307 




J104529+0623 


1, 


.0769 


w 


n 


y 


r 


0.491 ±0.085 


5.757 


0.281 ±0.083 


3.370 




J104529+0623 


1, 


.1192 


V 


n 


n 


d 


0.270 ±0.059 


4.548 


0.374 ±0.063 


5.962 




J104529+0623 


1, 


.6876 


s 


y 


y 


r 


0.798 ±0.121 


6.580 


0.639 ±0.102 


6.266 


1 


J104543+0655 


1, 


.2028-'' 


s 


y 


y 


r 


1.735 ±0.105 


16.545 


1.448 ±0.107 


13.513 


Fe II Wo,2600 = 0.986 , Mg I 


J104543+0655 


1, 


.2751^ 


s 


y 


y 


r 


2.263 ±0.105 


21.454 


2.643 ±0.105 


25.067 


Mn II?; Mg I, Fe II Wo,2600 = 2.491 


J104543+0655 


1, 


.4684-'' 


s 


y 


y 


r 


1.766 ±0.077 


23.069 


0.837 ±0.065 


12.826 


Fe II M^o,2600 = 0.540 


J104545+0523 


0, 


.8511 


s 


y 


y 


r 


1.067 ±0.134 


7.964 


1.236 ±0.144 


8.605 




J104545+0523 


0, 


.8861 


w 


n 


y 


r 


0.552 ±0.115 


4.824 


0.402 ±0.106 


3.795 


profile blended 


J104552+0624 


1, 


.2199 


s 


y 


y 


r 


0.805 ±0.067 


11.987 


0.627 ±0.073 


8.534 


Ni II?; Fe II Wo,260o = 0.206 


J104642+0531 


1, 


.0222 


s 


y 


y 


r 


5.803 ±0.133 


43.784 


7.008 ±0.117 


60.051 




J104656+0541 


0, 


.7130 


s 


y 


n 


r 


0.628 ±0.198 


3.162 


0.768 ±0.197 


3.893 




J104733+0524 


0, 


.8016 


w 


n 


y 


r 


0.375±0.120 


3.125 


0.410±0.119 


3.437 


Mgl 


J104747+0456 


0, 


.6950 


s 


y 


y 


r 


3.500 ±0.169 


20.745 


3.549 ±0.137 


25.815 




J104747+0456 


0, 


.7653 


w 


n 


n 


c 


0.458 ±0.105 


4.373 


0.241 ±0.097 


2.491 





Table 3. Mg II systems (continued) 



L[ Lido Oil 


^Mgll 


type 


survey 






U \/\^ 1 t7U J 


VV I A^OVJO I 


(J \/\^o\jo I 








s'^ 














/ /"i"!" nov m i^'i' Q 1 G 


J104747+0456 


0.8341 


s 


y 


y 


r 


1.887 ±0.112 


16.806 


0.238 ±0.063 


3.767 




J104747+0456 


1.2455 


w 


n 


n 


c 


0.596 ±0.100 


5.951 


0.180 ±0.061 


2.949 




J104747+0456 


1.9312 


s 


y 


y 


r 


0.915 ±0.082 


11.175 


0.229 ±0.059 


3.851 




J104747+0456 


2.0728^ 


s 


a 


a 


r 


2.360 ±0.071 


33.271 


2.398 ±0.114 


21.057 


Fc II 1^0,2600 = 1-109 , Mg I; C IV? 


J104840+0535 


0.9882/ 


s 


y 


y 


r 


1.118 ±0.071 


15.648 


1.510 ±0.071 


21.148 


Fe II Wo,260o = 0.677 


J104840+0535 


1.2460 


w 


n 


n 


c 


0.318 ±0.067 


4.735 


0.414 ±0.079 


5.219 




J104840+0535 


1.2728 


w 


n 


y 


r 


0.517 ±0.062 


8.333 


0.198 ±0.051 


3.913 


Fe II Wo,2600 = 0.227? 


J104914+0414 


1.2458 


w 


n 


y 


r 


0.428 ±0.086 


4.959 


0.559 ±0.072 


7.801 




J104914+0414 


1.4252 


V 


n 


n 


r 


0.120 ±0.040 


3.021 


0.610 ±0.101 


6.067 




J104929+0544 


1.2264-'' 


s 


y 


y 


r 


0.427 ±0.091 


4.685 


0.769 ±0.081 


9.512 


Fell Wo,2600 = 1.22 63 


J104929+0544 


1.5851 


s 


y 


y 


r 


0.702 ±0.103 


6.798 


0.342 ±0.102 


3.362 





"^redshift is determined by centroid of both Mg II components, with an attempt to correct for blending, 
''s: strong (Wo,a2796 > 0.6 A); w: weak (0.3 < Wq < 0.6A); v: very weak (Wq < 0.3 A) 
'^y: in strong survey; n: not in strong survey; a: associated system (excluded) 
•^y: in weak survey; n: not in weak survey; a: associated system (excluded) 
^class: r: real; c: candidate; d: doubtful 

candidate damped system {Wo^Mgii 2796 > 0.5 A and Wo. ,FeII 2600 > 0.5 A) 
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Table 4. Mg II sample 



sample 


total path 


observed Mg II 


expected Mg II 


Weak: l^o(A2796) > 0.3 A 


24.13 


38 


24.0 


Strong: FFo(A2796) > 0.6 A 


25.75 


26 


14.0 



Table 5. Quasar-Mg II pairs with -4500 < A^; < -3000 km s"^ and A£ < Q/i"^ Mpc 



quasar 




Mg II toward 


^Mgll 


At;" 




class 






quasar 






(h-^ Mpc) 


(strong/weak) 


J103908+0459 


1.942 


J103936+0531 


1.9748 


-3330 


8.1 


w 


J104117+0610 


1.273 


J104007+0531 


1.3015 


-3740 


5.9 


w 


J104149+0643 


1.316 


J104155+0612 


1.3460 


-3860 


8.0 


w 


J104155+0612 


1.480 


J104213+0628 


1.5072 


-3270 


4.3 


s 


J104200+0441 


1.97 


J104323+0422 


2.0121 


-4220 


7.0 


s 


J104336+0558^ 


1.236 


J104155+0612 


1.2628 


-3570 


7.4 


w 


J105010+0432 


1.217 


J104914+0414 


1.2458 


-3870 


5.9 


w 


J105030+0430 


1.215 


J104914+0414 


1.2458 


-4140 


6.4 


w 



""Av = c{zq - ZMgIl)/{0-5{2 + ZQ + ZMgll)) 

''projected distance in the plane of the sky 

'^position not in Veron-Cetty & Veron (2001); RA=10:43:36.6, dec=05:58:48 (J2000) 



This figure "fla.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



This figure "f Ib.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



This figure "flc.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



This figure "fld.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



This figure "fle.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



This figure "f If.jpeg" is available in "jpeg" format from: 



http://arXiv.org/ps/astro-ph/01 1 1 135v2 



